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Barnstead Water Stills 


The choice of discriminating workers 


HAT these stills produce double-distilled water of unequalled 

purity, free from ammonia and other organic impurities, has 

been the experience of thousands of users, including eminent 
chemists and prominent manufacturers. 


A remarkably low cost per gallon is the result of preheating the 
incoming raw water by using it to cool the vapor forming the 
condensate. 

Barnstead Stills are au- 
tomatic in operation, 
requiring practically no 
#7 attention after being 
started. 


They are quite compact 
yet for thorough clean- 
ing the boiler is com- 
pletely accessible by sim- 
ply turning a few thumb 
screws. 





CAPACITIES: 


For Gas Heating: 
1 to 10 gals. hourly (5 sizes). 


For Electric Heating: 
1 to 10 gals. hourly (5S sizes). 


For Steam Heating: 
1 to 100 gals. hourly (10 sizes). 





Write for our booklet and quotations 





New YorK 


_Pittseurc BRANCH 
Sap AVE. 181x to 191 STs, 


2011 JACKSON ARCADE 























HEMATO-RESPIRATORY FUNCTIONS.* 


II. THE HENDERSON-MORRISS METHOD FOR DETERMINING THE 
CARBON DIOXIDE IN PLASMA AND IN WHOLE BLOOD. 


By HOWARD W. HAGGARD 
From the Physiological Laboratory, Yale Medical School, New I 


Received r iblication, Apr ) 20 

\ subnormal CO.-combining power in the plasma of the blood 
Is now regarded as an index of acidosis. The values obtained from 
whole blood have to a large extent been n¢ ar eted or reasons 
which will be stated in a succeeding paper it is often im] ortant 
and sometimes essential to use the whole blood Whole blood 
has also the advantage of econom to get a unit oj plasm on 
needs two or three ul its of blood. 

The use of the CO.-combining power as an index of the alkali 


and thus indirectly of the C, of the blood, was introduced by 


Hasselbalch and developed by Van Slyke. Hasselbalch regards 
determinations on plasma as much less significant than on whole 
blood. The former may at times be absoluteh misleading. After 
careful comparison of whol blood ind plasn Hasselbaleh and 


Warburg (1) concluded that the CO.-binding power of a serun 
} 


rises and falls with the CO. tension of the | lood from which it is 


separated. It 1s not possible to draw from the COs of the serum 


any exact conclusion whatever regarding t he blood reaction, 
unless the COs tension of the blood, when the serum was separated, 
has been taken into account. Experience in this laboratory fully 
confirms this statement. In fact, although Van Slvke’s state- 
ment to a similar effect has been generally overlooked, the truth 
of this was emphasized by him also. Carbonating the plasma 
after separation is comparatively unimportant. 


* This work was done under the War Gas Investigations of the Bureau 
of Mines and the Chemical Warfare Service, U. S. Army lhe writer is 
indebted to H. H. Beatty, S. R. Detwiler, and W. H. Taliaferro for valuabl 


collaboration 
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Hemato-Respiratory Functions 


In a paper from this laboratory (2) published a little over 2 
years ago a simple method was described for determining the CO, 
content and capacity, or combining power, of the whole blood. 
Since that time this method has been in continuous use on an 
extensive scale in this laboratory, and we have now acquired an 
experience which allows us to judge of its value. 

The Van Slyke and Cullen (3) method for determining the COs 
capacity, or alkaline reserve, of plasma has been used by us 
interchangeably with this method. For plasma the two methods 
are of about equal rapidity, simplicity, and accuracy. For the 
determination of CO, in whole blood the necessity of cleaning the 
Van Slyke apparatus after each analysis is troublesome and 
time-consuming. The Henderson-Morriss method offers no more 
difficulties with whole blood than with plasma. The gas burette 
serves also to analyze the equilibrating air—an essential for exact 
work. 

The paper describing the Henderson-Morriss method was of a 
preliminary character. It was therefore suggested to us by Hender- 
son that we reconsider in detail the calculation of results by this 
method and report a series of carefully performed comparative 
determinations with the Van Slyke procedure; also, that we 
rectify a typographical error in the barometric correction.’ 

In the Henderson-Morriss method 1 ec. of blood is laked with dilute 


ammonia and then acidulated with tartaric acid, 20 per cent, in a glass 


tube of simple form which contains when stoppered exa tly 3.5 ec. of acid- 
blood mixture and ipproximate ly 24 of air The tube is then rolled so 
that the fluid spreads in a thin film allowing free diffusion between fluid 
ind air. 3 minutes are sufficient to bring the tension of the CQO. in the air 
and fluid to equilibrium. The tube is then connected with the gas burette 
lhe lower end is in a pan of water. The stopper is withdrawn under water 


Che total amount of gas (air plus the CO, liberated by acid) is drawn into 
the burette, water following up the tube from the pan. The end of the tube 
is lifted sufficiently to admit a bubble of air which is then used to wash 
the last portion of the air in the tube into the burette. The burette is then 
read, the gas passed five times into the absorbing bottle containing 10 per 
cent NaOH, and the burette is again read. The decrease of volume ob- 
served, when subjected to the corrections described below, indicates the 
volumes per cent of CO, contained in the blood. With a burette of this 
type, time must be allowed for the fluid, acidulated water, to drain fully 





1 Henderson and Morriss (2), p. 224. 
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before each reading. Quicker draining without loss of accuracy in any 

| ther respect is afforded if water plus 10 per cent alcohol and a few drops 
f HCl are used in the burette. It is well also to add a few drops of litmus 
phenolphthalein or other indicator to this fluid so as to warn one In case 
ny of the alkali is drawn over by mistake 

: Our practice is to measure the blood in a Mohr pipette which has been 


librated with mereurvy The outside of the pipette should be ecaref 


ped free from blood before the contents are delivers d into the diffusion 


ibe. The commonest source of error is u long’? measurement with the 
Ipettle 
We have found it advisable to substitute a 2-way stop-cock for the 


nch-clamp between the burette and the absorption bottle as originally 


\ correction is made for the CQ». liberated, on acidulation, from the 





mall traces of carbonate in the ammonia solution This covers also the 
itmospherie CO, in the air in the diffusion tube. The correction consists 
n subtrac ting from the observed volume of CQO, as read on the burette the 
ilue obtained from a blank determination in which distilled water replaces ' 
the blood 
Che observed reduction of volume in the gas burette, t.e. the COs» ab- 


sorbed by the alkali, is reduced to the volume of the dry gas at 760 mm 


‘B 
ren (Bt) cm 
460 


} Cor Volume of CO, after correction for carbonate in reagents 


by the formula 


\ apor tension of water vapor at temperature of analysis 


Barometer reading 


ARRAN He 


J Volume of dry gas at 760 mm 


: 
fo the volume of dry gas is added the CQ; retained in solution in the 


fluid in the diffusion tube. This is estimated by the formuls 


Paes + 





Volume of CO, in the gas analyzed + that remaining in solution 
the acidulated blood 
\ As above 
5 = Fluid contained in diffusion tube 
4 = Air “ r i 
Solubility coefficient of CO, in water at temperature of analysis 
[he correctness of this value for c as applied to the acid-blood mixture 
will be discussed later 
[he value of V2 at the temperature of analysis is brought to 0° by th 


y ( 273 ) 
~ \273+4¢ 


formula 
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) Volume at 0 
} 2 As above. 


t Temperature of analysis 
The volume of CQO. in ce. at 0 P f multiplied by 100 gives thi 
volumes per cent of CO. in the blood 
The Solubility Coefficient of CO the Acid-Blood Mixtu 
Phe solubility coefficient of CO, in tl iwidulated blood 1 » nearly 
ide? ti | vith that tor © QO im wate! t} t the establishe | \ ies [or t} 
latter may be used in determining the amount of CO, left in solution afte 
the equilibrating air has been analyzed Chis was determined by d i 
Ing thre Lad! with merceury inst id of wate! yas not to expose or d te the 
acidulated blood), then drawing air freed from CQO, into the diff n tube 
rABLE I 
COs Pe | / V 
B :, r 758 1 
{ 
Lt et 
\ Q. 34 0 O40 0 OO 0 OOO QO O45 0 044 
13 | 0 53 0 O85 0 O10 0 O05 0 OSO 0 069 
( | 0 47 0.065 0.010 0 OOO O O75 0 O06] 
1) Is 0.44 0 O60 0 O05 0 00 0 O70 0 06 
| IS 0.38 0 050 Q OO5 0 O05 0 O60 0 OF4 
ind ag ( brating l'ror ( ‘ { 1s th} \ 1 in 
1 Sel eg brations amo (() vind | ily 1 
I eT I The i ot these Ile >the ( ) ot the init equill 
bration gives the total volume of CO. in the blood lor these analyse 
y burette more finely graduated than that generally employed was use 


The results of such determinations are given in Table I 
From these figures we conclude that the COs refained in solution in the 
fluid in the diffusion tubs can he ¢ ileculated by the employment of the 


solubility coefficient of water to within 1 volume per cent 


The various corrections and calculations just described when 


applied to this method so neutralize each other that for routine 
work they are unessential. The volume of COs. absorbed from the 


air in the burette (minus only the correction for COs. ix the ammoni 
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olution and room air) at ordina y barometric pressure 750 to 770 
mm.) and room te m pe rature between 18—25 s identical within the 
erro) of the method (1 or 2 volume per cent) with the fiaare obtained 
afte r making all corrections. 


By subtracting the CO. in simple solution in the original blood 


t) (3 volumes per cent at normal arterial and pulmonary CO 
tension and temperature) a figure for the combined COs, or alkaline 
serve, is obtained 
rABLE Il 
| ( 
\ solution lium carbonat m t 1 t 
vared by gl I} \ liluted i | é 
' entrat n dadetivere | nrot l mt ] 
| Trip ture A 4 I I t dod 
{ ) 
t , 
10S 109.0 111.0 
1 09 110.0 111.0 l 
0 OO ‘") 0 SO () 
Yj So so 0) wt) { 
O 66 ( () 7 0 
Oo 66 HHO 67 0 ] 
(1) 44 14.0 15.0 
0 45 5.0 i, 0 ) 
( l 0.0 2 0 
) . {) t) 
) ‘) 1 () 
0 { 11.0 | 
{) ) t)} 
) 
\ hi , ’ n | 
0 | | 1] 
0 of H | 
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62. 62: 59. 60: 49. 49: 38, 32: 47. 47: 51. 50: 39, 38 
Whole blood: 44, 46; 43, 42: 49, 47: 37, 37; 49, 49 


> lord 


97 99- 27. 30: 31. 31: 42. 44 
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ry used which will bring Thre total concentration 1O ADDYLONIT 











1 per cent. The technique for drawing and oxalating 





deseribed by Van Slvke and Cullen (3) gives excellent result 












Phe CO.-combining power or ea 


nining the COs. content after the blood has been equilibrate 





Tons OF TET 





iadefinite tension of CO 1 nae ! standard eond 











ma pressere Che tension of CO now gene illy seu“ TO? 

















pressure We find that the emplovment of the last port 
































s best prepared by a modification of the Higgins-Plesch teel 











\ deep breath Is expired nto a bag and reinspiredl twice 


























(0). tension of the an so obtained should alwavs Le establisl 








inAalVSsIs The biurette used tor the blood agerterminatlons len 








readily to this purpose. To get the tension in mm. the pere 








otf CO found 1\ analysis Is multiplied by the barometer 











the vapor tension of water at the temperature at which the 














libration of the blood with this air is performed 





26° 17, 18: 20. Boe Za. Zi: 19,. ZO: Za, Za: 16, 16: 2a, 23; Zi, 2a 


ibration is that of the normal alveolar air: that is. 40 mm. pa 


the operator’s expired air is inexact and involves large varia 


( ©) content when applied TO wl Olt blood hie air cmap 


blood 


Loy 


Tidy 
Whi 


eat ty\ 


IN ]TTS¢ 


ntag 


( 


Pius 


equi- 


| 





Plasma: 53, 52: 57, 57: 61, 62; 54, 54: 59, 59; 71, 70; 62, 62 
at. oe oo. oo. oe. 2s ae. oe 17, FB: i, &: 6. 3; 19, I9:. 19, 18 
14. 16: 59. 58: 55. 55: 52. 52: 44, 14 ‘4. @2° 44. 43° a2. gut Zé 






drawn from vein or artery without loss of CO If t ood | 
collected rapidly under mineral oi] and at once pipetted into tl] 
diffusion tube, no anticoagulant is necessary or routine worl 
how Ve] Oo} whe re it Is desirable to determine the © Ow « revert 

1 4 ] 1 j ! . 
eoagulation is prevented by powdered OMT or sod 
oxalate This must be of absolute puritv, and an amount should 


; 
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For the equilibration of whole blood the most satisfactory 
techniqu is the following. 5 ec. of blood free from mine ral ot 
are pipetted into a 250 ec. Erlenmeyer flask tipped at an angle 
Che gas from the bag is passed slowly for 1 minute well beneath 
the surface of the fluid by means of a glass tubs With the gas 


still flowing and the flask full of foam, the tube 


} withdrawn and 


the stopper at once inserted. The flask is shaken continuously 


5 minutes with a rotary motion to spre ad the blood 
film over the surface and expedite the equilibrium which is 
| end of 5 minutes 
thy fires 
surrounding air, the flask is immers 
ised pressure is relie) 
of the stopper 
\s regards the influence of temperature on 
power, or as we term it “‘the alkali called into use,” 
have found that the effect varies in exact proportion to the amount 
of COs dissolved at different temperatures. In other words, i 
a given blood put through a variety of temperatures without loss 


or gain of tot il COs, the tension of COs varies, but the ratio of 


dissolved TO combined (() doe Snot 


CONCLUSIONS, 


|. In the Henderson-Morriss method of determining the CO 
Ol plasma or whole blood it is found that the various corrections 
ilmost exactly neutralize each other At ordinary temperatures 
and barometric pressures the reading on the gas burette for the 
CO, absorbed during the gas analysis (corrected only for the 
earbonate of the ammonia solution) may be taken as indicating 
directly, within the error of the method, the amount of ¢ Os 
contained in the blood or plasma. Each 0.01 ce. corresponds 
to 1 volume per cent of COs. 

2. This method is particularly valuable for the determination 
of the CO. content and combining power of whole blood. With 


it the analy sis of whole blood is as easy as that of plasma 





l 


“. 


3. VanSlyke, D. D., and Cullen, G. E., J. Biol. Chem 
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EXCHANGE OF CHLORIDE IONS AND OF CARBON 
DIOXIDE BETWEEN BLOOD CORPUSCLES 
AND BLOOD PLASMA. 

By L. S. FRIDERICIA 


/ he Bispebjerg Hospital the | I 





Hamburger (1891) found that chlorides pass from thi 
plasma into the red blood corpuscles when pure carbon dioxide 
led through a sample of blood. In Hamburger’s experiment 

1 


defibrinated blood Was shaken with air, and the Nal In 


serum determined. Pure CO, was led through a sample o 
same defibrinated blood and the amount of r vaCl in t 
serum fell from 0.58 to 0.53 per cent, 0.05 per cent having pass 
into the red corpuscles Phe change proved to be reversibl 
reentage of NaCl in erum mcreasing Al \ en the 


























































































































































































246 Blood 





of CO, has any effect upon the distribution of the blood chlorides 
by low CQO, tensions. 

My first experiments deal with this point. In 1917 Van Slyke 
and Cullen in a paper dealing chiefly with other problems 
published experiments on the influence of different tensions of 
CO. on the distribution of the blood chlorides between plasma 
and corpuscles. My results are identical with theirs on som 
points. Still I shall briefly report my experiments on this point 
as an introduction to my further experiments and because | 


have used a different me thod 





{ll experiments were carried out on fresh ox blood, the clotting 


being prevented by 0.1 per cent potassium oxalate. The volume 
of red blood corpuscles was estimated in an improvised hemato- 


crit. The amount of hemoglobin was estimated by a standardized 
Haldane hemoglobinometer, the results being given in volumes 
per cent of oxygen capacity. 

The saturation of blood samples with mixtures of air and 
carbon dioxide took place In saturaters of glass aceording to the 


method of Barcroft. Fach saturater had a volume of 275 ec.: 
3 ec. of blood were used for each experiment. One end of the 
saturater was closed by a stopper with a capillary glass tube 
through which samples of the air mixture in the saturater could 
be taken when the saturation of the blood was finished. The 
other end of the saturater was narrowed into a glass tube of the 
same diameter as a small centrifuge test-tube, being connected 
air-tight with this by means of a piece of rubber tube. After the 
saturation the blood was run into the centrifuge test-tube which 
was almost filled. After the piece of rubber tube had been 
pinched the centrifuge tube with the blood and the closed rubber 
tube as a stopper could be placed in a centrifuge without coming 
into contact with air other than that of the saturater. 

The air sample from the saturater was analyzed in the Haldane 
apparatus, 


The saturation took place by rotating the saturater in a water 


bath at 14-17°C. As no provisions were made to heat the cen- 


trifuge it was necessary to saturate at room temperature. 
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After centrifugation. samples of the blood plasma were taken 
for the determination of chlorides and eventually ' earbon 
dioxide. 


Che « Stlmation of ef 


ilorides in the plasma 


the micro method of Bang not more than 0 l 
required for an estimatio 

method In & series Of experimen and four d 
rrol n a single estimation Is 


It is indiffere) 


CNTM 
experiment 


In the plasma 


CENT ay 


per cent, Therefore Variation 


ind cannot be aseribed to analy af ! TI second 


mal Is correct: in estimations In Dlood ! lq ma about O05 
ont rn , bye ten) | 1; ligh! 
eent of chlorides peng Tound): } I! | quite unreliable 


Is given in the experimental] accounts, i? amounts 


ire conventionally civen l perce! 


; 


has certam disadvan aves 


In Experiments 1. 2 and 3 blood was sat 
tuning different amounts of carbon dioxide 
estimated in the plasma after the saturation 


t De mer lemperature 


Imes per cent, 0.418 per cent 


The estimations of CO, iy blood and plasma re 
K. L. Gad-Andersen by the n hod of Haldane as modified | 
1 in the laboratory of Professor A 


be publ] 





Blood 


/ ) 


umes per cent, 0.436 per cent of Nat 


4M), tension, mm 
NaCl in pla ma, pe 


] lemperature 
es per cent, O 1600 per ce 


} nn 


Temperature 14° 


Blood: oxygen capacity 15.9 vol- 
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of the curve representing the CO -combining power ol the 
blood at various (‘Oo tensions. ven at the high (*(). tensions 
the plasma contains more chloride than the blood: the 


chloride content of the corpusce] Sis never so or 


the plasma. The distribution Ql chloride inh 


unworn 
14 ] + | + 
[S make It V1 } mat estimat 


blood which hs 


rum tron 


results 


ig 


, : rT : as 
the wandering of the blood chl 


corpuscls 5. The proble rn) Was 
influence of changes in COs tension upon 


and upon a sample of the same blow: 


The plasma for dilution was produ 


af about LO mm. © O) tension. 


Saturating 


] 


NaCl in blood corpuscles from Sampl 
\ after saturating,” pe cent 
NaCl in blood corpuscles from Sampl 


B after saturating,* pe 


*The percentage of red bloo ‘arpuscles 
from the percentage blood ar he plasm 
the known volume o 






















































Blood 


Kxperiment 5.—TYemperature 14°C.; Sample A: 33 volumes per cent 
blood corpuscles, oxygen capacity 15.0 volumes per cent, 0.442 per cet 
of NaC] 

Sample B prepared by adding | volume of Sample A to 2 volumes of its 
own plasma Sample B: 11 volumes per cent blood corpuscles xygel 
CAPAcity 5.0 volumes per cent 0.483 per cent of Nat 
CO, tension, mm i 2 1.6 4.3 4. 7 WO 604 
NaCl in plasma from Sample A 

) ent O ott QO. 51] O 400 
NaCl in plasma from Sample B 

pe / 0.519 0 500 1) 49] 
NaCl in corpusele » Samp 

\, pe é 0.25 0.31 Oo 4 
NaCl in corpuscles from Sample 

+ p nf 0.27 0.32 0). 42 


In Experiment 4 the percentage of NaCl at about 40 mm, CO, 
tension was the same in plasma from the original blood (Sample 
A) and in plasma from the diluted blood (Sample B). In the 
corpuscles the percentage of NaCl also was the same in Samples 
\ and B at about 40 mm. CQ, tension. When the two samples 
of blood were saturated with a much higher CQ. tension (about 
600 to 680 mm.) the percentage of NaCl fell in the plasma of 
oth, but much more in the plasma from the original blood, Sam- 


ple \ (from 0.564 to 0.509 per cent than in the plasma f the 


at Ul 
diluted blood Sample B (from 0.565 to 0.545 per cent In the 
red corpuscles on the CONnTrTArTY, the ) reentage of N iC] rost 
with an « qual wunount in corpuscle strom original and from dilute d 


blood (in either from 0.36 to 0.43 per cent 


hixpe riment 5 shows t he same, and furthermore that by low- 
ering the CO ension (trom 85 to lL mm the pereentage of 


NaC] rose more in plasma from the original (from 0.511 to 0.536 
per cen than in plasma from the diluted blood (from 0.500 to 
0.519 per cent), but coincident with this the percentage of NaCl 
of the corpuscles fell in each sample hy an equal amount, 

These results make it evident that the shifting of the blood 
chlorides is caused by some properties of the red blood cor- 
puscles. A given change in the (QO, tension always produces a 
given change in the percentage of NaCl of the blood corpuscles, 
and the percentage of NaCl in the plasma is secondarily regu- 
lated by this. 











aia 





proved that a change in COs. tension affects the volume of the 
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L. 





An objection could be raised against the calculation of the per- 


centage of NaCl of the corpuscles, Hamburger (1902) having 


corpuscles But even a considerable error in the estimation of 


the volume of the blood corpuscles would not interfere with the 


results to any noticeable degree. 

The cause of the exchange of chloride between blood plasma 
and blood corpuscles must be looked for in the red corpuscles. 
In the next section we will consider which constituent of the red 


‘orpuscles is involved in this reaction. 


C'oincident Eaxchanae of Carbon Dioxide and Chloride Tor 


In a recent paper Hasselbalch proved that the hydrogen ion 
concentration of the blood at a given CQO, tension is identical 
with that of a solution of sodium bicarbonate containing the same 
amount of combined carbon dioxide as the blood and under the 
same CQO, tension. But with a change in the COs tension the 
blood behaves differently from a solution of sodium bicarbonate. 
The sodium bicarbonate solution contains the same amount of 
combined carbon dioxide at all CO, tensions, but at extremely 
low tensions some monocarbonate is formed. n blood, how- 
ever, the amount of combined carbon dioxide increases with in- 
creasing COs» tension as if the amount of bicarbonate in the blood 
were increasing too. Hasselbalch explains this by the physico- 
chemical qualities of hemoglobin acting as an amphot« ric electro- 
lyte, which has acid qualities so that at low COs. tensions it can 
displace carbon dioxide from the bicarbonate. At high COs, ten- 
sions hemoglobin assumes alkaline qualities and combines wit! 
‘arbon dioxide in amounts that increase with the COs, tension. 

Hasselbalch’s experiments were performed with solutions of 
hemoglobin and sodium bicarbonate. The question is how thi 
hemoglobin in the blood can influence the bicarbonate of the 


plasma as in a solution of hemoglobin, while in the blood thi 


hemoglobin is confined to the corpuscles. This question is ex- 
plained by the fact that the chloride ions and other anions repre- 
sent a link between the constituents of the corpuscles and those 
of the plasma. 
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When an increase of the CO, tension makes chloride pass from 
the plasma to the corpuscles, the plasma coincidently with this 
turns more alkaline, and consequently can combine with more 
earbon dioxide. Giirber has explained this fact in the following 
way: The carbon dioxide sets free a certain amount of HCl from 
the chlorides of the plasma; this HCl passes into the corpuscles 
and leaves the basic components of the chlorides in the plasma 
to combine with more carbon dioxide. The explanation of 
Giirber translated into the language of modern chemistry might 


be worded as follows: ( arbon dioxide displaces anions especially 


chloride ions, from plasma into corpuscles Coincidentally with 
this an equivalent amount of other anions, vz. hydroxy! ions, 
passes from the corpuscles into the plasma. This exchange 
turns a part of the NaCl of the plasma into NaOH, which com- 
bines with some of the free carbon dioxide to form bicarbonate. 


Koeppe and Hamburger (1902) express the same thing in another 
wav which I do not prefer. 
Of course other explanations are possible, especially since 


Hamburger and Bubanovie have shown that it Is likely that the 


blood corpuscles are permeable not only to anions but also to 
cations. ‘The matter can be settled by experiments dealing 
with the minute quantitative relation between chloride ind 


bicarbonate In plasma and corpuscles. 


/ | | i ra (0) ( ol 
0.08 mr i < fug ( sequi he 1 \ rich 
chloride 0.580 per « r NaC] Tl sample of the lasma and a 
samy ot e original blood were satur , high CO SLO Lo 

m Of cou this did not affec he perce! ge of Naf piasma, 
the blood the p became p¢ n chi 1 O.47t rf 
Nal 0.104 per eent of NaCl ha o DA | } isele 
( CO 
. r nt - 
Blood at 0.08 mm. CO, tension, in the plasma.. 0.580 
Plasma“ 163 “ CO ” 0.580 55.6 
Blood “ 162 “ CO _ in the plasma Ae 0.476 | 103.0 


Difference -0.104 |+47.4 
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At 163 mm. CO, tension the plasma contained 55.6 volumes per cent of 
CO,. But the blood saturated at the same CQO, tension (162 mm.) con- 
tained in its plasma (not in the entire blood) 103.0 volumes per cent of 
CO,; 7.e., 47.4 volumes per cent of CO, more than the original plasma 
separated from the corpuscles at the low CO, tension contained at the 
same CQ, tension. In going from the low to the high CQ, tension, 0.104 
per cent of NaCl disappeared from the plasma. But coincidently with 
this the plasma was able to bind 47.4 volumes per cent of CO, more. 0.104 
per cent of NaCl is equivalent to 39.4 volumes per cent of CO.; that is, the 
NaOH formed by the disappearance of chloride ions from the plasma 
ilmost completely accounts for the increased amount of carbon dioxide 


with which the plasma was able to combine 


In Experiment 6 the chloride ions displaced by carbon dioxid 
from the plasma almost completely account for the increased 
carbon dioxide-combining power gained by the plasma, but not 
quite completely, 8 volumes per cent of CO. failing to be 
accounted for. This small amount is probably accounted for by 
anions other than chlorides passing from the plasma into the 
corpuscles (de Boer, Hamburger (1918) ). 

In some experiments on the same problem, Van Slyke and 
Cullen? found that the Cl change did not so closely approximate 
the CO, change In their experiments other methods were used, 
and the COs, tension in one determination was computed and not 
gained by analysis. But neither of these facts can account for 
the considerable difference in the results, which at present I am 
unable to explain. 

If my result holds good, it explains in what way the hemo- 
globin, although confined to the corpuscle, can influence the CO-- 
combining power of the plasma. When the plasma at higher 
CQO» tensions binds more CQ, it is due to the anions passing into 
the corpuscles to be bound by the hemoglobin, leaving the cations 
in the plasma to combine with an amount of carbon dioxide 
equivalent to the amount of disappeared anions. 

In Experiment 7 the distribution of chlorides and carbon 
dioxide at different CO. tensions between plasma and corpuscles 
has been estimated, the NaCl and the bound CO, being estimated 
in the plasma as well as in the blood. The amounts in the cor- 
puscles were calculated from these estimations and from the 
known volume of the corpuscles. Furthermore the hydrogen ion 


2 Van Slyke and Cullen, pp. 348, 344. 
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concentration has been calculated for blood, plasma, and corpuscles 
by the method of Hasselbalch from the amounts of free and of 





bound earbon dioxide. 








Experiment 7.—Temperature 17°C.; 38 volumes per cent blood cor- 


puscles 






























CO. tension, mm 0.08 6.1 39.1 
blood per cent 0.456 0.456 0.456 
NaCl in plasma, per cent 0.578 0.533 0.511 
corpuscles, per cent 0.260 0.334 0.369 
blood, vol per ce nf A) S 37 g 65.5 
CO, bound inj plasma, vol. per cent 23.4 12.6 67.6 
corpuscles, vol per cent 16.6 27 .6 62.0 
blood 9 61 7.92 7.31 
pH in plasma 9 64 7.94 7.35 
corpuscles Q 57 7.85 7.30 


Iixperiment 7 shows, as the preceding ones, that with increas- 


ing CQO, tension the amount of NaCl in the plasma decreases 


and the amount of CO. increases. But Experiment 7 shows a 
new fact too; namely, that not only does the percentage of NaCl 
in the blood corpuscles increase with increasing CO», tension, as 
is already known, but the amount of carbon dioxide in the cor- 
puscles also inereases with increasing (QO. tension, \lthough 
anions at the higher (COs tensions Pass into the corpuscles the 
latter do not, as might be expected, become more acid, but on 
the contrary more alkaline, being able to combine with more 
earbon dioxide. In the plasma more bicarbonate is generated 
by the disappearance of anions. In spite of the fact that the 
corpuscles received the anions, the amount of bicarbonate in the 
corpuscles apparently increased too. Asa result of these changes 
the hydrogen ion concentration at the CO, tensions of the experi- 
ments is almost constant in the plasma and the corpuscles, the 
corpuscles being a little more acid. At very high CQO, tensions I 
have not succeeded in getting reliable results. 

The explanation of Giirber evidently does not suffice to settle 
the problem. But when this explanation is combined with 
Hasselbalch’s interpretation of the hemoglobin as an amphoteric 
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electrolyte, the solution of the problem is simple. The more the 
(‘O, tension (and the hydrogen ion concentration) increases, the 
more the hemoglobin turns alkaline and the more its power to 
combine with COs increases. But carbon dioxide ions are anions, 
as are the chloride ions, and the same property of the hemoglobin 
which explains its behavior toward carbon dioxide explains also 
the exchange of chloride ions. Chloride ions and carbon dioxide 


passing into the corpuscles at increasing hydrogen lon concen- 


tration, viz. CO, tension, are parallel phenomena and due to the 
same property of the hemoglobin. The difference is due only to 


the behavior of the plasma, which in a saturater is able to com- 
bine with new carbon dioxide from the air of the saturater, re- 
placing the amount which has passed into corpuscles; the plasma 
is not able to replace the amount of chloride ions which have dis- 
appeared, because chloride ions do not exist in the air. This is ' 
the explanation, too, why the shape of the curve representing 
the exchange of chloride ions at different COs. tensions as men- 
tioned has conformity with the inverse shape of the curve repre- 
senting the Ct .-combining power of the blood at various CO 





tensions. 

7 In a recently published paper’ Hasselbalch and Warburg fully 
E agree with this interpretation of the facts. 

. | have made some experiments to see if the chlorides had any 
; nfluence upon the total amount of carbon dioxide with which 


he hemoglobin can combine. Experiment 8 is typical. 


BRI ees i mn 


Experiment 8.—Red blood corpuscles were deprived of their content of 


orides by washing three times with a solution holding 7.8 per cent 


sugar and 0.185 per cent of sodium bicarbonat Previous experi- 
had shown it impossible to deprive corpuscles of all chlorides by 
hing with isotonic cane sugar solution without addition of a shght 
ount of bicarbonate to make the solution faintly alkaline Then the 


carbonate adhering externally to the corpuscles was removed by was 
y three times with 8.5 per cent cane sugar solution. An analysis wa 

made and showed no trace of chlorine in the corpuscles, To 32 e 
f the suspension of corpuscles were added 10 ec. of 1.3 per cent sodium 
carbonate solution. This was called Mixture A. 





lo 20 cc. of Mixture A were added 10 ee. of 8.5 per cent cane sugar solu- 
tion. This was called Mixture B. 


Read at the same meeting of the Biological Society of Copenhagen 


the present paper. 
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To 20 ce. of Mixture A were added 10 ec. of 0.9 per cent NaCl solutior 
This was ealled Mixture C, 

Mixtures B and C contained 53 volumes per cent of carbon dioxid 
combined as bicarbonate. 

Samples of Mixtures A and B were then saturated at 17°C. with ai 
containing 29 per cent of carbon dioxide, and other samples with atmos 
pheric air containing 0.03 per cent of carbon dioxide. The amount of 


carbon dioxide in the various samples was estimated. 


CO. tension. mm ().2 IS 0 
(1) In Mixture B al pe cent ) 135 ) 
(Any “ " ( - ” * i) 142.6 
The results show that chloride-free red blood corpuscles combine with 
about the same total amount of CO) at various (QO, tensior whether su 


NaCl solution 


Chlorides in the plasma interfere only with the distribution of carbon 


pended in cane sugar solution or u 


dioxide between plasma and corpuscles and not appreciably with the total 
amount of carbon dioxide, with which chloride-free corpuscles (and pre- 


sumably the blood) are able to combine 


SUMMARY. 


1. The influence of various CO, tensions upon the distribution 
of chlorides between blood plasma and red blood corpuscles was 
experimentally investigated and the results are represented in 
curves showing conformity with the curve representing the CO.- 
combining power of the blood at various CO, tensions. 

2. I have been able to confirm, with a different method, the 
results of Van Slyke and Cullen’s experiments on the influence 
of the CO, tension on the partition of the chlorides between plasma 
and red blood corpuscles. 

3. Experimental evidence is presented to show that the cause 
of the exchange of chloride ions and other anions between plasma 
and corpuscles is in the red corpuscles and not in the plasma. 

4. The amount of chloride ions displaced from the plasma into 
the corpuscles by increasing CO, tension from 0.08 to 162 mm. 
almost completely accounts for the increased CQO.-combining 
power coincidently gained by the plasma. My experiments on 
this point (Experiment 6) do not agree quantitatively with those 
of Van Slyke and Cullen. 
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5. Increasing CO. tension increases both the CQO.-combining 
power of the plasma and that of the red corpuscles. The hydro- 
gen ion concentration remains almost the same in plasma and 
‘corpuscles at different CO, tensions; it is only slightly higher in 
the corpuscles than in the plasma. 

6. If the explanation of Hasselbalch of the properties of 

moglobin is accepted, it is pointed out that this interp! 

hon explains not only the increasing CQO.-combining power ol 
(‘O. tension. but also the passing into thi 


— 
emogiobin at increasi 


corpuscles Ol chloric tons and oTrhnel mmions | ncreasing 
{)) Tension thr two phenomena being pul ill 

e property of the hemoglobin. Th interpret 

1] 1 

observed Tael 

- . 1 } 
7. The ehlorides of the blood influence on the d 

carbon dioxide between plasma and red corpuscles, and 
1 weTabyhy t} » ty a] , init ; y ’ 1} | } " el t} 
pprecla ny Ih LOLI WnOUunL O ( j m adloxict \ \ cl ( 
1 ° 17 1 
lood Is able to combpoimne AL VAI us ( ©) Tensions 


| wish to thank Professo} A Krog! ror muen advice ind 


ssistance In the experiments. 
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A QUANTITATIVE METHOD FOR DETERMINATION 
OF VITAMINE. 


By ROGER J. WILLIAMS 
Phy olog 


cago, ar d the C} ice 


Fle hmann €' 
I publication, March 5, 1920 
INTRODUCTION, 


In a previous paper! it was shown that yeast needs for its nu- 
trition a substance of unknown nature, and evidence was presented 
that this substance is the beri-beri-preventing vitamine. Shortly 
after, Bachmann? published a paper in which the same conclu- 
sion was drawn using a different method of study. It was 
stated that not only does the growth of single yeast cells indicate 
presence of vitamine but the rate of growth is dependent on the 
quantity of vitamine present, and hence it was hoped that the 
method would be of quantitative value. As a matter of fact, 
the number of cells produced from one in 18 hours under given 
conditions is direetly proportional to the amount of vitamine 
added. This test, while of value quantitatively, having been 
used successfully by a number of people, is not ideal in that it 
requires some practice to apply it; it introduces a personal factor 


to quite an extent and is a strain on the eyes if applied regularly. 


\ method is now presented which is based upon a gravimetric 
determination and measures the growth of a very large number 
of cells rather than a few which have been isolated, and hence the 
variations in results are not so large. 

The gravimetric method is more accurate than the single cell 
method; it is more easily applied and the personal factor is 
largely eliminated. An outline of this method is given first, fol- 
lowed by the justification of the various steps and a general 
discussion of its application. 

1 Williams, R. J., J. Biol. Chem., 1919, xxxviii, 465 


2 Bachmann, F. M., J. Biol. Chem., 1919, xxxix, 235 
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Method. 
The following solution is used as a stock solution: 


20.0 gm. of cane 
3.0 NH 
+ ie ' KH,PO, 


All dis olved n | 


100 ec. of this solution 
and to it is added a known amount 
The volume is then made up to 110 ec., t] ask | lugged with 
cotton, sterilized or pasteurized to ki 
cooled, and its temperature brought to 30° iInanincu 

\ yeast suspension is made by weighing out 0.300 gm. of fresh 
Mleischmann’s veast (small cake in tin-foil) taken from the center 
of the cak« this is made into a paste with a very small amount 
of water and suspended finally in 1 liter of sterile water. 1 ee. of 
this suspension well shaken and freshly made is introduced into 
the culture medium with a sterile pipette. By this means 0.3 mg. 
of yeast is used for seeding. 

The flasks are then put into the incubator and the yeast is 
allowed to grow undisturbed 18 hours at 30°C’... when the erowth 
is stopped by the addition of a little formaldehyde solution. If 
the seed yeast has not been kept in a refrigerator continuously 
since manufacture, a very rapidly growing wild yeast may appear 
to a slight extent, floating on the surface of the solution. Prac- 
tically all this should be removed by lifting it from the surface 
with a small prece of fine copper gauze attached at right angles 
on the end of a glass rod or tube. This removes pl ictically none 
of the other yeast, most of which settles to the bottom 


\fter removing the wild yeast, if any is present. the yeast is 


filtered off on a weighed Gooch crucible, prepared with paper 


underneath the asbestos, washed thoroughly with water, finally 
with a little aleohol, dried for 2 hours at 103°C., and weighed 
after an hour’s cooling. The Gooch crucibles cannot be used 
repeatedly without treatment as the dried yeast loses weight on 
washing with water 

If no vitamine is added to the solution the veast produc ed will 


be about 2.5 mg The Amount of growth above that of the blank 
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is, within limits, directly proportional to the amount of vitamine 
put into the solution. The curve in Fig. 1 indicates the character 


of the results obtained in the first experiments carried out accord- 


ing to the method outlined. 


12 








Mg. yeast produced 


3 4 
Cc. vitamine solution added 


hic. 1. The points marked with a cross and those mark 
were obtained on different days with different samples of 
“Meg. yeast produced”’ applies to the amount after subtraction of the 
rhe ‘‘Vitamine solution’’ contained 1.5 mg. of crude material per ec 
some distance above the upper limits of the curve there 


tionality, provided the material tested is free f 


Expr ssion of Re sult: a’ 


The results may be expressed numerically and the numbet1 
represents the relative purity of the preparation tested or thi 
value of the material tested as a source of this vitamine. ‘lhe 
“vitamine number”’ of a material may be defined as the number 
ol milligrams of yeast produced by the addition of its extract 
minus that produced in a control solution, under given conditions 
and within certain limits, computed to 1 gm. of the original ma- 
terial tested. 
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Thus if 0.100 gm. of a preparation produces 8.0 mg. of yeast more than a 
control, its vitamine number computed to 1 gm. is 80. If 0.05 gm. of the 
preparation is used as a duplicate, approximately 4.0 mg. more yeast are 
produced than in the control. Computing this to 1 gm., the vitamine 
number of the preparation is 80, the same as before. It is obvious that this 


form of expression of results makes possible the comparison of various prep- 


arations made at different times and in different localities. By simple 


water extraction of yeast (such as that used for seeding) and testing the 
extract obtained we get a vitamine number computed to 1 gm. of dry veast, 
which is in the neighborhood of 500. Protein-free milk gives a value of 
about 12 computed to 1 gm. of the original milk, or 92 computed to the 
original milk solids These are merely examples showing the order of mage 


nitude of the numbers 


DISCUSSION, 


By watching the growth of single cells under given conditions, 
which need not be explained in detail, results were obtained which 
were quantitative in character. The value of a preparation can 
be expressed in terms of the number of cells produced from one 
eell under certain conditions, calculated to 1 gm. of substance. 
The term ‘“vitamine number’’ as used above is approximately 
one-twentieth of this value obtained by the single cell method. 

}y this method of study a number of facts were discovered 
which have an important bearing on the method under discussion. 
It has long been supposed that the addition of protein-split prod- 
ucts to a medium containing ammonium salt as the sole source 
of nitrogen improves the medium for yeast. I have found it very 
difficult to prepare a protein digest free from vitamine which 
ean be made uniformly, and which is a favorable nutrient for 
veast. Enzymes cannot be safely used for hydrolysis for this 
purpose as the enzyme preparations may contain a considerable 
amount of vitamine. . On the other hand, it was found by watch- 
ing single cells that when ammonium sulfate is supplemented 
with organic nitrogen, free from vitamine, faster growth may 
result in the presence of a given amount of vitamine than without 
the organic nitrogen. It was found that accelerated growth is 
produced by the addition of asmall amount of asparagine to the 
medium containing ammonium sulfate. The asparagine fur- 
nishes amide and amino nitrogen in addition to the ammonia 
nitrogen already present. A solution which contains ammonium 
sulfate and asparagine is not improved by the addition of a mix- 
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ture of amino-acids. In an experiment with the single cell 
method, a mixture of purified amino-acids, alanine, leucine, tvro- 


sine, aspartic acid, glutaminic acid, cystine, histidine, and trypto- 


phane, was added to a medium containing asparagine and a small 
umount of vitamine to see if the amino-acids improved the medium 
Che blank with no amino-acids present produced an average of 
120 cells from one cell in |S hours VW ith 5.0 me. of the amino 
icid mixture the average growth was LOS cells and 

he average was 96 cells. From these results th 
lrawn that nothing except vitamine in the small 

ll materially improve the medium whiel 

isparagine in addition to ammonium sulfate 

It was found by studying the growth of singk 

IS hour incubation period was allowed the growth 

direetly proportional to the amount of vitamune 

medium. The 18 hour period was suecessfully can 

the gravimetric method here outlined 

When the single cell method is used, commercial 

used to very great advantage, being remarkably uniform 
strength and easily suspended for the isolation of sing] 
For the gravimetric method also commercial pressed ve 
uniform vitality, moisture content, ete. is very valuab!] 
makes possible a uniform seeding of the media both in qu: 
and quality of the yeast. Obviously no bakers’ yeast 

lutely free from foreign organisms, but the foreign organisms 
very few and offer no serious handicap, as the results indicat: 
The wild yeast referred to which occasionally appears on the su 
face of the solution would not have to be considered if it was not 
for the fact that it multiplies with enormous rapidity even in a 
weak medium. It does not appear even when quite old veast is 
used, if the veast has been kept at low temperature 

The method as here outlined applies to solutions: that is, the 
vitamine to be tested must be in solution. No method of extrac- 
tion is outlined. The fact that nothing except vitamine (espect- 
ally in small amounts) is able to produce more rapid growth 
shows that the vitamine does not need to be prepared especially 
free from other materials, as impurities in all probability will have 
no accelerating effect. The total amount of material added ordi- 
narily will be much less than 0.1 gm. In using this method for 


vitamine determinations precautions must be taken that the 








264 Quantitative Method for Vitamine 


vitamine is extracted quantitatively from the material in ques- 
tion. Investigators have found that this is difficult to do, especi- 
ally from some materials. In the handling of the extracts care 
must be taken that toxic substances are not introduced or formed 
which will counteract the effect of the vitamine which may be 
present. This is true also of animal feeding experiments where 
poisonous substances must be avoided. ‘Treatment of material 
with acid especially at high temperature or overheating in the 

dry condition frequently produces something toxie to \ 

while treatment with alkali may destroy the vitamine. 
itamine in some extracts Is destroyed to an appre Clible extent 
he boiling temperature an hour or mort \n auto- 
east is not a desirable material as a yeast nutrient 


{ 


Ls inhibiting substances Ss appear to be present, If th Amount oT 


growth produced is not proportional to the material added, but 


off with the larger quantity, it is good evidence that some- 
thing toxic is present, which becomes more potent in the higher 
concentration and counteracts the effect of the increase in 
vitumine. This can be confirmed by microscopic examination 
of the yeast produced, which reveals small granular irregular 
cells or other abnormalities. It is mainly due to the possible 
presence of toxie substances that two dilutions should be used 
for a determination. If toxie substances are present the results 
from the lower concentrations are more reliable. 

It is believed that this method will be of value in the solution 
of various problems connected with this vitamine. ‘The ultimate 
source of this water-soluble vitamine, whether it is the green plant 
or the bacteria of the soil or other organisms, is not settled. 
nt cently, however, evidence has been obtained that when veasl 
is provided with a certain amount of vitamine it is unquestion- 
ably able to build up more. In other words it has some syn- 
thetic powers which have also been attributed to animals. The 
function of this vitamine in animal and plant life, where it seems 
to occur almost universally, is very obscure. It is a suggestive 
fact, however, that in some of its properties, solubility, heat 
stability, alkali destruction, dialyzability, ete., this vitamuine 


bears a resemllanee to the coenzvme of alcoholic fermentation. 


For general discussion see Harden Aleoholiec fermentation, Mono- 
graphs on biochemistry, London, New York, Bombay, and Calcutta, 
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SUMMARY. 


\ quantitative mi thod for determination 
or water-soluble vitamine Is presented, which 
oravimmetric determination. 

\ numerical expression of results 
vitamime content Of any material can 
grams of yeast produced under given conditions. 


| wish to express thanks to Prof ssor I’, ¢ Koch 


Lee for help given In carrying out this work. 











MODIFICATION OF THE VAN SLYKE METHOD FOR 
DETERMINING ARGININE.* 


KOKHLER 


Vadison 
Received for publication, April 14, 1920 


Confirming the observation of Osborne, Leavenworth, and Braut- 
lecht! that arginine liberates one-half of its nitrogen as ammonia 
when boiled with concentrated alkali, Van Slyke? has made use 
of a Folin bulb set on top of a tall Liebig condenser to absorb 
and confine to the system such ammonia as is liberated during 
the boiling. This method has been used extensively in this lab- 
oratory, but from time to time there has been occasion to note 
the difficulties entailed in its application. The most obvious dis- 
advantage is the possibility of bumping which is likely to occur 
when such a concentrated solution is boiled for any great length 
of time. When it does occur, the standard acid in the bulb may 
he ejecte d from the bulb or be drawn back into the condens« I 

To eliminate these objections and especially to facilitate the 
securing of accurate results, the apparatus shown in Fig. 1 has 
been devised and applied with much success. sy its use, bumping 


is entirely eliminated and the ammonia as formed is drawn ove 


into the standard acid by a slow current of air. The excess of 
acid can thus be titrated at once at the termination of the diges- 
tion. By the use of n/14 acid, values in cc. synonymous with mg 
of nitrogen are obtained directly ; In the aspiration it is necessary 
to use care not to mistake passage of the air through the alkali 


for ebullition and not to aspirate at too rapid a rate. In other 


respects the technique used by Van Slyke has been closely 


followed. 


*Published with the permission of the te ie Wisconsin 
Agricultural Experiment Station. 

1Osborne, T. B., Leavenworth, C 
Physiol., 1908-09, xxiii, 194 

?Van Slyke, D. D., J. Biol. Chem., 1911 
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FURTHER DATA CONCERNING THE ALLEGED RELATION 
OF CATALASE TO ANIMAL OXIDATIONS. 


By RAYMOND L. STEHLE anno ARTHUR C. McCARTY 


} ym the Laborator j of Ph ysiologte ul Chemistry. School i Me ( 


Unive Ly of Pe nnsylvania Phila lelphia 
Received for publication, April 15, 1920 


Not long since one of us (1) presented evidence which indi ated 
that the causal relation between the catalase concentration of the 
blood and the inte nsity of animal metabolism, alleged | \ Burge (2 
to exist, was far from being conclusively demonstrated by his data. 
\ simpler explanation supported by experimental results was pre- 
sented. 

Burge’s conclusions were drawn from a certain parallelism 
existing between the factors noted. As far as the authors are 
aware he has made no measurements of the intensity of metabolic 
activity in the course of any of his experiments. It may be true 
that metabolic int nsity and catalase content do vary In the same 
direction under the conditions he describes but in many and pos- 


sibly all of his experiments in which thes parallel variations In 


catalase content and metabolic intensity are in harmony with his 
idea an additional variable factor is introduced; viz., the number 
ol re d cells. Inasmuch as the catalase of the blood Is containe d 


in the cells, particularly 


in the erythrocytes, any significance that 
Burge’s experiments really possess is that under the conditions 
imposed by him the red cell content of the blood varies and with it 
the catalase as a necessary consequence. The variations in cata- 
lase content are, therefore, secondary in nature and bear no 
necessary relation to the rate of metabolism. This is very different 
from the unwarranted conclusion that catalase is the oxidizing 
enzyme of the body. 

It is possible to vary the intensity of animal metabolism to a 
great extent without observing any noteworthy change in the 
red cell content of the blood. This being true 11 by COTES possible 
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to test Burge’s conclusions directly by determining whether, as 
a matter of fact, there is any change in the catalase content of 
the blood when the red cell count is constant and the rate of 
metabolism varied. The result of such a test is the reason for 
this communication. 

Measurements were made of the carbon dioxide production and 
hemoglobin and catalase contents of rabbit and cat blood drawn 
to correspond as nearly as possible to successive periods of normal 
and high metabolism. The apparatus described by Haldane (3) 
was employed for the carbon dioxide determinations. The high 
metabolism of the one period was Induced in the case of the rabbits 
by surrounding the animal chamber with ice and partially wetting 
the fur of the animals and in the case of the cat experiment by the 
use of a freezing mixture only. Before the beginning of the col- 
lection of carbon dioxide, air was drawn through the apparatus 
with the animal in place for from 11 to 15 minutes. The current 
varied between 4 and 6 liters per minute in the different experiments 
but the rate was practically constant in any one of them. Thus 
the accumulation of carbon dioxide in the chamber was pre- 
vented since in the fore periods and in the intermediate period of 
the last experiment there was ample opportunity for an equilib- 
rium to be established between the production and removal of 
the gas Therefore the carbon dioxide collected in the subse quent 
periods closely approximates the actual production in_ those 
periods. Inthe rabbit experiments the period of high metabolism 
followed that of normal metabolism while in the cat experiment 
the order was reversed. The animals varied in size, which ae- 
counts partly for the differences in the rates of metabolism noted 
They filled the chamber almost completely so that there was ve r\ 
little voluntary activity Catalase estimations were made by the 
method already deseribed (1); hemoglobin determinations wer 
made by Palmer's 1 procedure The results of the exper! 
ments are shown in Table I. 

These six experiments appear to demonstrate conclusively 
that there may be great variations in the rate of animal 
metabolism without any corresponding change in the catalase 
content of the blood. According to Burge’s hypothesis variations 
in catalase content and carbon dioxide production should be 


parallel. The statement is warranted, therefore, that the paral- 
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lelism between metabolic intensity and the catalase content of 


blood which sometimes exists, but which is not found he re, does 





not prove any intimate relation between the two On the other 
hand, it auppears that the data here prest nted suggest the absence 
* of such an interrelation in so far as It is reasonable to expect varia- 
: 
rABLE 1 
4 ( i ‘ 
nt 
Rabbit 1.) Room temperatur 131.130 S4 | 34 1 mu period 
| mw . 1:33, 130 ") >t Blo | irawn ll! 
preceding Period 
\ and t er 
Peri vd B 
' 
2.) Room “a 115,116 SO 0.69 30 min periods 
Low ag 125.129 83 » 16 Blood as above 
3.| Room . 124,122 71 1.18 | 30) min periods 
Low - 127,117 71 1.69 Blood as above 
Period \ Temperat ir’ 
Low temperature 120.12] 74 2» HW) chamber lowered 
Period B further in Per 
j B 
t.; Room temperature 142,136 74 1.70 | 45 mu periods 
ie Low 128,150; 71 2.17 Blood | 
bz 
a .| Roo 173.167 "} 1.10 0 
Low 166,170 95 »? 0) B sal 
( l Low 212,213 76 1.06 | 45 nin period 
Ro 935,249 8] 1.95 Blood drawn f1 
+ ] ’ 
remora ( 
end 


tions In the oxidizing capacity of the tissues to be reflected in the 


concentration of oxidizing enzymes in the blood.! 


Since this paper was written Seymour has reported that no diré 


relation exists between the catalase content of turtle heart muscle ar 


he rate of its beat (Sevmour, R. J., Am. J. Physiol., 1920 525 





Catalase 
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THE FERMENTATION OF GLUCOSE, GALACTOSE, 
AND MANNOSE BY LACTOBACILLUS 
PENTOACETICUS, N. SP.* 


By W. H. PETERSON anp E. B. FRED 
With THE CoopeRATION or J. A. ANDERSO? 


Dy rrime? 0 Agricullural Chen ! 1? \ 
Uy l HW WV 
} , »> 
\ l pu \ Ay 
he pentose -lermenting hact TIA TO which We } Vi vlven 
une Lactobacillus pentoaceticus, n. sp.’ exhibit a wide range of 


tivity, both with respect te carbohydrates fermented and 


products formed. The pentoses, xylose and arabinose, are rapidly 
and compl tely broken down to acetie acid, lactic acid, and only 
the merest trace of other products such as carbon dioxide and 
tleohol. The fermentation of fructose is not so simple and re- 
sults in the production of large quantities of carbon dioxide and 
mannitol in addition to the products formed from xylose.2 Thi 
fermentation of fructose to mannitol is completed in 4 or 5 days, 
ind a secondary fermentation of the mannitol then ensues, the 
chief products of which appear to be much the same as thos 
lerived from fructose. However, the fermentation of mannitol 
s much slower than that of fructose. 

The fermentation of the aldo-hexoses, glucose, galactose, and 
mannose, differs from the fermentation of fructose in that no 
mannitol and very little acetic acid are formed, but a new com- 
pound, ethyl aleohol, is produced in large quantities. In old 
cultures a pari of the lactic acid formed may be broken down to 


* Published with the permission of the Director of the Wisconsin Agi 
cultural Experiment Station 
This work was in part supported by a grant from the special research 
fund of the University of Wisconsin 
1 Fred, E. B., Peterson, W. H., and Dave nport A., J. Biol. Chen 1919, 
XXXIX, 347. 
Peterson, W. H., and Fred, E. B., J. Biol. Chem., 1920, xli, 431 
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acetic acid and carbon dioxide “us decomposition products ()y 
the basis of the quantitative data obtained, it is proposed that the 


min line of the fermentation for the : Ido-l exoses mav be repre 





ented by the equation 



















OF CH.CHOH COOH +C.H,OH+CO 


he ( nt oF neete i 1¢ na prol 1)] ( ul oO) 
secondary fermentation of the laetie acid The application of 
usantith ce ta TO } S eq lo? Vill T considered ll 
‘ ] f 4 
perimental part of this paper 
The produets formed from the aldo-hexoses by the pentos« 
, j r } 
fermenters, Lactoba entoaceli indicate a relationship t 
other organisms such as the mannite-bacteria’”’ of Gavon and 
am ; 
Dubourg, Laborde, Miuiller-Thurgau and Osterwalder, and Ba 
CO COMMU? of Harden, and the lactic acid bacteria of 


Kayser 

( omplete data for all the produets formed hy different bacterin 
are meager Most of the investigational work has been con- 
cerned with a measurement of one or two products rather than a 


balance of all the products It is. therefore, often difficult to 






letermine the underlying causes that modify the formation of a 





given product. Frequently the variation in amount of one prod- 





ict is intimately associated with variation in the amount. of 






iunother product. This interrelation between the products ts ex- 





hibited verv strikingly in the recent work* with yeast where 





glycerol production is paired with the production of acetaldehyde 





or acetic acid. Likewise, compounds which are termed final prod- 





ucts may be the result of secondary fermentations, so that it is 





} 
| 
| 


e torelate them directly to the carbohydrate fermented. 


LNpPOssti 






\ careful balance between the total products formed, the sugar 





fermented, and the ratios of these products to one another will 
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ISO4, vii LOS: LOOT, 








xv, 527 Laborde, J., Compt nd. Acad., 1904, exxxvill, 228. Miiller 
Thurgau, H., Landw. Jahrb. Schive 1907, x 230. Miller-Thurgau, H 
ind Osterwalder, A., Cenir. Bakteriol te Abt., 1912, xxxvi, 129; 1917-18, 
Ivini, 1 Harden, A J. Che SOK LOOL, Ixxix, 610 Kayser, I} 1n 
Inst. Pasteur, 1894, viii, 737 

Neuberg, ¢ ind Reinfurth, | Biochem. Z., 1918, Ixxxix, 365; xeil, 
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frequently disclose relations that were unsuspected and help to 
give a more correct picture of the mechanism of the fermentation. 
The most comprehensive chemical data on the products formed 


Organisms similar tO Lactobac Llu: pe ntoacetio are those ol 


(Javon al d Dubourg They v1Ve complete data for the ] roducts 


fs : , 
formed from. tructose olicose galactose. SUCTOSE mAaitose lac 
tose, and raffinose ahd nearly complet data ror mannose, Sol 


] 1 
bose, and xviose. 


From glucose, galactose, and mannose they obtained acetic acid, 
tic acid, aleohol, carbon dioxide, glycerol, na succinit acid 
Phe proportion of these produ ‘ts varied some what with the age 
of the culture, the kind and amount of nutrients used, and the 
tion of the medium. With the exception of glycerol the per- 
centage of sugar represented by the different products falls in the 
nelghborhood of that formed by the pentose fermenters Then 


orgnnism fermented raftinose but failed to attack arabinose, man 
nitol, glycerol, or malic acid, which is just the reverse of what 


takes place with the pentose Termenters Ol the group Lacto- 


, 
hacillus pentoaceticus 


Miiller-Thurgan and Osterwalder describe several mannite 


forming bacteria which produced acetic acid, lacti eid, and 
ileohol irom gclucose and galactose The relation Ol these pro- 
ducts to one another varied with the organism concerned Their 
papers give no data for the amount of gas formed or for the per- 
centage of sugar repre sented by the end products \ careful 


comparison of the pentose fermenters with their organisms shows 
many points of similarity, and also many differences in respect 
to fermentation power and ratio of produ ts formed The most 
marked differences are the fermentabilitv of mannitol and lac- 
tates and the non-fermentability of raffinose by Lactobacillus per 
toaceticus. Other differences in behavior manifest themselves 
toward arabinose, xylose, glycerol, and malates. Two of their 
organisms show high acetic acid production while a third, Bac- 
tertum intermedium. is more like Lactobacillus pentoacelicus in this 
respect. However, Bacteriwm nlermedium ferments raffinose 
and fails to ferment arabinose, glycerol, and lactic acid. 

The fermentation of glucose bv Bacillus coli commun results 
in many of the same products and in quantities comparable to 


those formed by the pentose fermenters. From the data given 





276 Fermentation 


by Harden, acetic acid, lactie acid, alcohol, and carbon dioxide 
comprise the major products with small amounts or traces of 
succinic acid and formic acid. On the basis of the quantitative 
data obtained, Harden proposes the equation 


2 CoH 206+ HO =2 C3;H,0O;+C.H,0.+C.H,O+2 CO.4+2 H, 


The most conspicuous difference between the products formed 
from glucose by Harden’s Bacillus coli communis and by Lacto- 
bacillus pentoaceticus is the very small amount of acetic acid pro- 
duced from glucose by the latter As vet no evidence has been 
obtained with resp ct to the produ ‘tion of hyvdroge n by the pen- 
tose fermenters. 

Kayser made an extensive investigation of the conditions sur- 
rounding the production of lnetie acid by bacteria, isolated from 
various materials. One of these, obtained from sauerkraut, 
possessed the power to ferment a large number of earbohydrates 
including many of the less common sugars such as xylose, arabin- 
ose, melezitose, trehalose, and raffinose His paper vives no 
data for the quantity of products formed other than volatile acid, 
mainly acetic, and lactic acid 

In 2 later paper Kavyser® gives quantitative data for the pro- 
duction of acetic acid, lactic acid, ethyl al ohol, carbon dioxide, 
and mannitol for a number of sugars. These bacteria differ from 
the pentose fermenters with respect to the kind of volatile acids 


formed and the ratios of the various « nd-products 


EXPERIMENTAL. 


Fermentation.—The culture solution for fermentation was pre- 


pared by dissolving the glucose in a yeast water extract and 


sterilizing for 30 minutes at 15 pounds pressure. After steriliza- 
tion, the solution was inoculated, and in certain cases sterilized 
ealcium carbonate added. When calcium carbonate was _ not 
used, the acidity which developed during fermentation as shown 
by the presence of bromocresol purple was neutralized from time 
to time with sterilized 1 N NaOH. 


’ Kayser, EK., Ann. Inst. Pasteur, 1894, viii, 737. 
§ Kayser, E., Ann. Inst. nat. agron., Series 2, 1904 
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Volatile and Non-Volatile Acids.— At the end of the fermentation 
period the cultures were made up to a definite volume, centrifu- 
galized to throw down the calcium carbonate, and an aliquot was 
taken for analysis. The volatile and non-volatile acids were 
determined by steam distillation and ether extraction, respec- 


tively, as previously described. The nature of the volatile acids 


formed was subsequently determined by subjecting them to a 


Duclaux distillation and by the barium content of their barium 
salts. The volatile acid proved to be almost entirely a 
The non volatile acids extracted by the ethe r were 
by the Moeslinger method? for lactic acid and their id 
established by the zine salt The non-volatile acid was found to 
lactic aeid No evidence of any other non-volatil 
‘n secured 
The alcohol wa ‘tained | saturating the neu- 
tralized culture solution with sodium chloride and then distilling 
over one-half to two-thirds of the aliquot taken The distillate 
was oxidized with potassium dichromate and sulfuric acid 
described by Dox and Lamb,’ and then distilled. The acids thus 
obtained were identified in the same manner as already deseribed 
for the volatile acids 
Carbon Dioxide When carbon nd al | were d 
termined, the fermentation was ca the apparatus de- 
scribed in a former paper? and the al | carl dioxide 
determined by means of the Van Slvke® apparatus for measuring 


Vases 
yy) l 
mentation ot Grlicoase nthe P) 


Fermentation took place readily, but the an: 
only small amounts of acetic acid and relatively large 
lactic aed. Differences in the ratios between these two acids 
and data collected from the fermentation of fructose indicated 
that in old cultures the lactic acid in part was converted into 
acetic. Large cultures were therefore set up and aliquots were 
removed and analyzed at different pe riods in the fermentation, 
7 Moeslinger, Z. Untersuch. Nahrung Genussmittel, 1901 


8 Dox, A. W., and Lamb, A. R., J. Am. Chen 
>Van Slvke. D. D.. J. Biol. Chem 1917. 
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Marked increase in the quantity of acetic acid was found whil 
the lactic acid remained stationary or decreased in amount. In 
an old culture the formation of lactic acid from glucose proceeds 
at about the same rate as the decomposition of lactic acid into 
acetic acid. Hence the latter accumulates while the quantity of 
the former remains stationary or decreases. In the case of Cul- 
ture 41-11, the acetic has increased from 0.087 to 0.416 em. per 
100 ce., while the lactie remained practically unchanged at 0.717 
em. With Culture 118-8, the increase for acetic is from 0.078 to 
0.328 gm., while the lactic shows an actual decrease from 0.713 


to 0.637 em. The data are given in Table I. 


rABLE I 


LOO: S24 
100: 460 
1002173 
1): 914 
100: 661 


11S rh; . 5 37 100:194 


Both cultures analy 


Attention is called to similar results obtained by ry * and 


Gavon and Dubourg. The former reports almost complete de- 
struction of the lactic acid at the end of 20 days. Gavyon and 
Dubourg found 1.62 em. of acetic acid and 6.10 gm. of lactic acid 
in a 9 day culture, and 25 days later found the acetic acid had 


yo = 
‘ 


increased to 3.73 gimn., while the lactic acid had decreased to 


1.68 om. 


Loss of A Ieohol fram Fe rove ntina Culture .. 


Duplicates of the cultures whose volatile acid content is given 


n Table I were examined for ethyl alcohol, but the results were 


either negative or inconclusive. This failure to find alcohol 
proved to be due to evaporation from the fermentation flask. 
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The culture solution of 50 ec. volume was contained in a 300 ee. 
Erlenmeyer flask, stoppered in the usual way with a cotton plug 
and after 32 days of fermentation had evaporated to about 40 ce 


Because of the small amount of alcohol found, a second experi- 


ment was set up where 500 ec. portions of solution were fermented 


in liter flasks. At the end of the fermentation peri 


i7 


the aleohol in the entire culture was distilled ou 
trated to a volume of 200 ce. The aleohol in 50 ce 
mined by the dichromate oxidation method while anot 
100 ce.) was coneentrated to 33 ce. by successive distillations 
Chis solution contained sufficient aleoho] TO FIVE a good burning 
test and the characteristic 1odoform crystals These 


that great loss of volatile products such 


Occul | 


loose cotton plugs In this connection 
the loss of acetone from cultures Ol Bae 
cently reported by Northrop, Ashe, and. Senior 


volved in these fermentations are given in Table I] 


Balance oft Products from the Fe hie ntat oOo) oft (y 


In these experiments all the products which had been shown 
to be formed were determined. Culture solutions of 250 to 400 
ce. were fermented, and at the end of the fermentation pe riod the 
various products formed were determined on different aliquots. 


At the same time the unfermented sugar was determined. The 


Northrop, J. H., Ash 1H 


XxXx1x, 5 
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data are given in Table IIT and bring out some very interesting 
relations. 

1. In general, not more than 70 to 80 per cent of the glucose is 
fermented. The single exception to this is the 25 day Culture 
118-8. The fermentation in the case of the aldo-hexoses is much 
less complete than in that of the pentoses. The inhibiting factor 
must be something other than the salts of the acids produced, for 
the concentration of these is higher with the pentoses than with 
the aldo-hexoses No explanation can be given at present for 
this incomplete fermentation. 


2. The sum of the four products determined represent from 85 


to 95 per cent of the sugar fermented. The unknown 5 to 15 
}] 
is 


per cent would include any inaccurack Ss in the analytics! metho 


O S16 


the sugar incorporated in the cells of the organisms, and minor 
products that have hitherto escaped detection. 

3. The ethyl aleohol and carbon dioxide are produced in nearly 
equivalent quantities. The slight excess of carbon dioxide over 
ethyl alcohol may be due in part to a secondary fermentation of 
lactic acid as will be shown later. The nearly equal quantities 
of aleohol and carbon dioxide produced by many bacteria have 
been recorded by different investigators. This observation sug- 
gests the possibility that alcohol and carbon dioxide are formed 
from intermediate products similar in character to those found in 
yeast fermentation. 

From the data given in Table III the relation of the different 
products to one another has been calculated and expressed as 
percentage of the total products formed. The figures thus eb- 
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tained are compared with the percentage relations that should 
exist if the fermentation proceeded according to the theory already 
proposed. An examination of the data given in Table IV shows 
values too low for lactic acid, and too high for carbon dioxide 
The presence of 5 to 8 per cent of acetic acid is not allowed for in 
the theoretical equation. Very good agreement exists between 
the found and the calculated values for alcohol. The 5 to 8 per 
cent of acetic acid and excess 3 per cent of carbon dioxide are 
roughly equal to the deficiency in the value for lactic acid. The 
decreased ratio of acetic acid to lactic acid in old cultures and the 
direct fermentation of lactie acid into acetic acid and carbon 
dioxide seem to warrant this explanation. The data are given 


Table IV. 


17 . ) 
ere nlation of Galactose 


The products obtained by the fermentation of galactose are th 
same as those obtained from glucose, but more galactose seems to 
have been consumed by the bacteria than was the case with glu 
cose. The evidence on this point is somewhat conflicting and 


does not warrant any positive statement. The organisms seem 


to use these two sugars with equal ease. The total products 


formed and the percentage relations of the different products are 
given in Tables V and VI. 
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TABLE \ 


, 
om Gatactose 


Galactose 
Weight f arabe 
i wecounted 


ign 
” acid id alcohol lioxid for b 
mented santiaite 


0 OS6 
0. O04 


0 O65 





0. 32S 


0.097 
0. OS4 


Acetic acid 
Lac ti 
Ethyl aleohol 


( ‘arb al dioxide 
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Fermentation of Mannose. 


Mannose is generally regarded as a sugar that cannot be easily 
fermented by lactic acid-producing bacteria, and the results ob- 
tained with Lactobacillus pentoaceticus agree with this general 
experience. Only from 30 to 45 per cent of the sugar is con- 
sumed after 38 days. The difficulty with which mannose is fer- 
mented is probably related to the stereoisomeric configuration of 
mannose. Its configuration is more unlike the d-glucose type of 
structure than any of the other sugars used ; iz., glucose, galac 
tose, xylose, or arabinose. The data for the fermentation produ ts 
formed are given in Table VII. 

The percentage distribution of the various products formed 
from mannose is given in Table VIII, and reveals a higher pro 
duction of acetie acid and carbon dioxide, and a lower production of 
lactic acid than that obtained from either of the other two sugars 
The difficult fermentation of mannose evidently forces the bacteria 
to destroy more lactic acid than is the case with the more readily 


fermented glucose and galactose. 


Fy rmentation of Lac late 


As has already been pointed out in connection with the fer 
mentation of fructose, mannitol, and glucose, there was an eno} 
mous change in the ratio of acetic acid to lactic acid in culture 
where fermentation was continued for 50 to 70 days. In som« 
cases there was an actual decrease in the quantity ol lactic acid 
This could only mean that some of the lactic acid was destroyed 
in the later stages of the fermentation, and possibly acetic acid 
was formed as one of the decomposition products. An attempt 
was therefore made to ferment the lactate directly. In the first 
experiment 2 gm. of sodium lactate syrup were added to the usual 
veast water and inoculated with the pentose fermenters. Growth 
Was apparent in 1 or 2 days; the medium became turbid, the 


bromocresol purple present indicated a change in reaction, and 


stained mounts showed the presence of large numbers of bacteria. 
\fter 17 days the control and two of the cultures were analyzed 
for volatile acid and unfermented lactic acid. It was found in 
the case of Culture 118-8 that the volatile acid had increased from 
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t.7 ec. of 0.1 N acid in the control to 28.3 ce. in the culture, and the 
lactic acid had decreased from 113.0 ec. of 0.1 N acid in the control] 
to 91.0 cc. in the culture. The total acidity had remained prac- 
tically unchanged, being 117.7 ec. of 0.1 N acid for the control and 
119.3 ec. in the fermented solution. The volatile acid formed was 
later identified as acetic acid. After 37 days of fermentation two 
other cultures of the same series were analyzed and showed a 
further increase in acetic acid and a corresponding decrease in 
lactic acid. 


TABLE IX 


m Lactate Calculated f 


l O16 
Lost. 
O SIS 


0 » 


0. 6S9 


Lost 
1.043 100:71* 
1.031 100: 61* 
* The value of the a ore calculating 


the ratios 


In the second experiment a carbon dioxide absorption bottle 


was attached to each fermentation flask and the absorbed gas 


determined at the end of the fermentation period. As judged by 
the quantity of acetic acid formed, the lactic acid was not decom- 


posed to the same extent as was the case in the first experiment. 
The ratio of acetic acid to carbon dioxide was calculated and 
approximates that required for the theory that a molecule of 
carbon dioxide is formed for each molecule of acetic acid. The 
complete data calculated in gm. per 100 cc. of culture are given 


in Table IX. 
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Identification of Products. 


Volatile Acid.—After titrating the volatile acids with 0.1 N 
Ba (OH). the distillate was evaporated to dryness, taken up with 
about 60 to 70 cc. of hot water, and filtered into 300 ec. Erlen- 
meyer flasks. The flask was heated to boiling and when cooled 
was closed with a one-hole rubber stopper containing a carbon 
filter funnel. The end of the funnel was drawn out to a fine 


rABLE X. 
Distilling Constants of the Volatile Acids Obtained by the Duclaux Method. 


2 100 


(Glucose F 32.5'41.6151.161 


17 
32.9/42.1,51.7.62.4,73.1)/85.5) 100 


Aleohol from glu- | 

cose 32.8 42 .051.661.9,73.085.0) 100 
Galactose 32.3.42.3.51.861.9\72.9\85.2) 100 
Aleohol from galac- 

tose iP 32.4/41.851.4'61.6:72.7/85.1} 100 
Mannose | 33.9)43.1/52.6/62.6|73.5)85.7| 100 
Aleohol from man- 

nose ‘ 33 42. 9/52.5'62.6'73.5)85.7) 100 
Lactic acid 24.3.33.1/42.3.51.9)62.2/73.2\85.5) 100 
Duclaux distilling 

constant for ace- 


tic acid 4/15. 2/23 .4/32 9150 .5\60.6:71 9/84 { 


* 920 day culture. 


bon « 
eapillary tube. The amount of 1 N HS¢ 5 required to decompose 
the barium salts was then added through the dropping funnel. 
No volatile acids could thus be lost from the hot solution. After 
standing a few hours at room temperature, the barium sulfate 
was filtered off, the filtrate made up to 110 ce., and subjected to 
Duclaux distillation. In the case of alcohol, the acid formed by 
oxidation and subsequent distillation was put through the same 
manipulation. The distilling constants obtained are given in 
Table X and agree with that found for acetie acid. In the case 
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of mannose, a small quantity of higher acid and alcohol seems to 
be present. An exact check cannot be expected as the controls 
always give 3 to 4 ce. of 0.1 N volatile acid. This acid originates 
either from the yeast water or from the sugars as a result of sterili- 
zation. It is also apparent that the aleohol formed in the fer- 
mentation is ethyl alcohol. 


rABLE XI 


Compo lion oO} the Barium Nal 


Cilucose 0 424S 0.3830 

Aleohol from glu 0.4106 0.3722 

Galactose 0.2170 0.1900 0.197: 
Aleohol from galactos« 0.9796 0O.8912 0.8951 
Mannose 0.2056 0.1840 0.1879 
Aleohol from mannose 0. 3406 0. 3068 0.3112 
Lactic acid 0.4418 0 3895S 0.4036 


TABLE XII 


t1-11* Glucose 0.4086 0.0696 
41-117 2 0.4414 0.0772 
118-8 Galactose 0.7126 0.1284 
118-8 Mannose 0.1670 0.0288 


* 


20 day culture 


t 75 


As a check on the Dueclaux distilling constants, the barium con- 
tent of the volatile acids has also been determined. The data 
found are given in Table XI and furnish evidence that the volatile 
acid is acetic, and the alcohol is ethyl. 

The Form of Lactic Acid Produced.—The zine salt was prepared 
from the barium salt of the lactic acid formed and the water of 
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erystallization determined. As is well known, the inactive zinc 
lactate cry stallizes with 3 molecules of wate IS.17 per cent 
From 17.0 to 18.0 per cent of water was found which indicates 
that the lactic acid formed is of the racemic ty poe The appear 


ince of the crystals under the microscope resembled that of 


etic acid The data are give nin Table XII 
SUMMARY. 
I hie aldo-he XOSCS glucose, galactose, and Mian hose ire ler- 
mented by Lactobacillus pentoaceticus, with the production of 
etic acid, ethyl aleohol, carbon dioxid and small quantities of 
cetie aeid, 
rhe acetic acid is probably not a direct fermentation product 





it results from a secondary fermentation of the primary product 


vetic aeid. ISvidence for this statement is based on the changing 
ratio of acetic to lactic with the age of the culture. In the early 
stages of the fermentation this is about 100:800, while in old 
cultures, 75 days, this ratio has decreased to 100:200. Not only 
has the ratio changed, but there has been an actual loss of lactic 
cid from the fermenting solution 

Further proof of the fermentation of lactic acid to acetic Is 
widueed from the direct fermentation of lactates The products 
formed are acetic acid and carbon dioxide. 

(jlucose and galactose are fermented at approximately the sami 
rate and to the same extent. Mannose is more slowly attacked 
and less of the sugar is consumed. The unfermented glucose and 
galactose remaining after 30 to 40 days is about 20 to 30 per cent 
In the case of mannose, the amount is from 50 to 70 per cent 
The difficult fermentation of mannose results In a corresponding 
increase in the secondary fermentation of lactic acid to acetic 
acid. 

The difference in the extent of fermentation of glucose, 
galactose, and mannose must rest on their configuration. Thi 
difference in stereoisomerism between an aldose and a ketose as 
illustrated by glucose and fructose results in the production of 
ethyl alcohol as one of the major products from glucose, and of 
acetic acid from fructose. This result is probably due to different 
conditions of oxidation and reduction operating on the inter- 
mediate products of the fermentation. 




































THE METABOLISM OF SULFUR. 
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The importance of cystine for normal growth of the young white 
rat has been demonstrated by Osborne and Mendel (1) and more 
recently by Johns and Finks (2). In consequence of this work 
cystine is generally recognized as one of the essential amino-acids 
which must be present in adequate amounts in the diet. In 
acceptance of this belief most workers in nutrition experiments 
with hydrolyzed proteins have added cystine to replace that 
destroyed in the hydrolysis, particularly in acid hydrolysis (3, 4 
Concerning the requirement of cystine for maintenance of adult 
animals, less information is available. Geiling (4) concluded 
that cystine was necessary for the maintenance of adult white 
mice. 

In a former paper (5), it has been shown that the addition of 
cystine in small amounts to the food of dogs maintained on a 
low protein level diminished the loss of nitrogen from the body 
and favorably influenced the nitrogen balance. Since the addi- 
tion of tyrosine and glycocoll as typical essential and non-essen- 


tial amino-acids respectively exerted no influence on the condi- 


tion of nitrogenous equilibrium under the same experimental con- 
ditions, the effect of cystine was considered specific. The work 
indicated that cystine was the amino-acid which determined the 


*Some of the preliminary work in these experiments was carried o1 
with the aid of Mr. G. E. Simpson 
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protein minimum for the mixture of proteins fed, 7.e. beef heart 
and furnished strong experimental evidence of the indispensa- 
bility of preformed cystine in adequate amounts for the main- 
tenance of adult animals. A more definite interpretation of the 
data was difficult since the cystine content of the mixed protein 
fed, the various proteins contained in the heart musele of 
eattle and in the blood of the coronary vessels, was unknown 
\nalvsis of the mixed proteins isolated from the material fed 
in the experiments showed a rather low content of sulfur (0.73 
per cent 

It was considered desirable to extend the work to include pro- 
teins of known sulfur (and cystine) content in order to ascertan 
to what extent the minimum for these proteins for maintenance 
of species other than the white rat and mouse was determined by 
their eystine content. The present Investigation was planne a to 
answer as far as possible the following questions. Do pure pro- 
teins of known sulfur (and cystine) content vary in their efficiency) 
for the maintenance of nitrogenous equilibrium under conditions 
of a low protein input according to the relative amounts of sulfur 

and cystine) they furnish? Can a protein low In sulfur (and 
cystine) be made more adequate for nutrition under the same 
conditions by the addition of cystine, the only definitely proved 
sulfur-containing complex of the protein molecule? 

Casein and serum proteins were chosen for the experimental 
study as representative cystine-poor and cystine-rich proteins 
respectively. Casein contains about 0.8 per cent sulfur, but it is 
probable that only a small part of this sulfur is present as cystine. 
Attempts to isolate cystine from the hydrolysis products of casein 
have met with little suecess. Moérner (6) was able to obtain 
only 17 mg. of cystine from 100 gm. of casein. Casein on treat- 
ment with strong alkali yields about 13 per cent of its sulfur as 
alkali sulfide (7), which on the assumption that all this sulfide 


sulfur originates from cystine corresponds to about 0.60 per cent 


of cystine (1). Serum albumin contains a higher percentage of 
sulfur than casein and yields about two-thirds of its sulfur as 
alkali sulfide on boiling with alkali (7). Mérner (6) obtained 1.2 
per cent cystine on hydrolysis of a commercial preparation of 
dried serum proteins and a like amount from purified serum albu- 
min. Inasmuch as the quantitative methods for the isolation of 
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cystine are very inadequate, these figures are presumably much 
too low. 

Analyses of casein by the Van Slyke method for the distribu- 
tion of nitrogen have yielded results at variance with one another 
The analyses of Van Slyke (8) show 0.20 per cent of the total 
nitrogen as cystine nitrogen, corresponding to a cystine content 
of about 0.27 per cent. Hart and Sure obtained similar figures 
y On the other hand, Crowther and Raistrick (10) obtained 


an average of 1.30 per cent! of the total nitrogen present as cystine 


nitrogen, corresponding to 1.77 per cent cystine Hartley 1] 


found 2.75 per cent cystine nitrogen, in percentage of total nitro 
gen, in the serum proteins of ox blood This was equival nt to 


3 78 per cel t of ( vstine. 


EXPERIMENTAL. 


The methods and general] plan of the ¢ xpe riments were similar to 
those outlined in a former paper (5). The relative efficiency in 
nutrition of serum albumin, casein, and casein plus cystine, under 
conditions of a low plane of protein intake, was determined by a 
comparison of the nitrogen balances of the various experine ntal 
periods. In the preliminary experiments, an attempt was made 
to utilize the pure proteins as the sole source of nitrogen, but the 
animals refused the food within a short time. In the studies 
recorded in Tables I to III, therefore, 15 to 20 gm. of heef heart 
(0.4 to 0.6 gm. of N) were included in the standard diets and :the 
pure proteins added to this. After this change little difficulty 
was experienced in obtaining complete consumption of the daily 
ration. The nitrogen added in the form of the beef heart com- 
prised about 20 to 25 per cent of the total nitrogen of the diet, 
and was constant throughout the experiment, the greater part 
of the nitrogen being furnished by the protein under investigation. 

The casein was prepared according to the method of Hammar- 
sten. The serum protein (Albumin aus Blut, Kahlbaum) was 
entirely soluble in water, but contained some protein precipitable 


! Professor H. 8. Grindley of the Division of Animal Nutrition of this 
University has informed the writer that the work in his laboratory on the 
analysis of casein by the Van Slyke method has given results similar to 
those obtained by Crowther and Raistrick (10). 
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TABLE I. 
Dog A, Long Haired Female. 


Standard diet: Lard, 50 gm.; cane sugar, 60 gm.; starch, 20 gm.; beef 
heart, 15 gm.; calcium phosphate, 10 gm.; water, 400 ce. 


| 
| 
| : nitro- ; bal- 
| -. gen. | 8°? } ance 


Intake| UTM | ecg | Nitro-| 


Period | Weight.) nitro- | y nitro- | gen 


| kg. | | om gm. | gm. 

| 11.16) 8 2.13) 0.27 | 59} Standard diet and 10 gm. 
| 11.1 2.34) 0.27 | of casein. 

| 1n.4: | 2.97/ 0.27 | 

| 11.13 | 2.24) 0.27 | 

| 11.08 81} 2.28] 0.27 | 

| 11.0: | 2.15] 0.27 | 





Total.. 36) 13.41 62 | 
Average 31} 2.24 27 

Standard diet and 11.65 

gm. of serum albumin. 





Total sore 6 36) : 90 
Average........ 73! 0.40 |—0.32} 


| 


13 , 2.14) 0.% 70} Standard diet and 10 gm. 

14 ‘ 8 ; ‘ —0.82| of casein. 

15 ‘ : —0.88) 

16 8 2.28 —0. 84) 
2.28| 84| 


Si 





nm ‘ | no ~! 
Total “et ‘ y -4.95] 
Average........ 3: . ~0 83} 


19 11.0 4 K 06; Standard diet, 9.36 gm. of 
20 11 : 56} casein, and 0.75 gm. of 
21 11.1: : : 38} cystine. 

22 | 11.16 ; , 38 
23 ll yA : 28 
24 11 

MD scaaeoedan% 
Average........ 
































TABLE Il 


Dog G, Long Haired Female Collie. 


Standard diet: Lard, 50 gm.; starch, 20 gm.; 
heart, 15 gm.; bone ash, 10 gm.; water, 450 ec. 


Intake Urin- 


nitro- 
gen 


Weight nitro- 


gen 


_Period.| Day. 


kg gm gm 
13.30) 1 


1 
13.25) 1 
13.3: i. 

] 
] 


NIN vu Vs J 


ee ee ee a | 


13 
Total 
Average 


| 


Total 

Average. . 
13 
14 

II] | 15 


17 
18 
Total 
Average 





| 
} 19 


IV | 20 
21 
| 9» 
| 
Total 
Average 


| 23 
24 
25 


26 





| 
oe 
oe | 


Total.. 
Average 


Fecal 
nitro- 
gen 


gm 


32 |- 


32 
32 
32 


32 | 


32 


Nitro- 
gen 
bal- 

ance 


6; Standard diet 





cane sugar, 70 gm.; beef 


Standard diet and 10 gm. 
of casein. 


9.5] gm of 
and 0.75 gm. of 


casein 


evstine 


Standard diet, 9.51 gm. of 
casein, and 0.47 gm. of 


glycocoll 


Standard diet, 9.15 gm. 
casein, and 1.13 gm 
tyrosine 


Standard diet, 9.35 gm. of 
casein, and 0.75 gm. 
cystine. 





TABLE II. 
Dog A, Long Haired Fe male ; We ight 12.0 Kg. 


Standard diet: Lard, 50 gm.; starch, 40 gm.; cane sugar, 60 gm.; beef 
heart, 20 gm.; calcium phosphate, 10 gm.; water, 400 ce. 


. Urin- Nitro- 
Intake Fecal nFO 
ary gen 
nitro nitro- 
wen nitro ren bal- 
= & ance 


Standard 


casein 


Lota 
\verage 


; ] > | 
sStandara 


cnsein 


Standard diet, 10 gm. Ol casein 


and 0.75 gm. of eystine 


Total 14.91) 10.14 
Average 2.13) 1.45 


*Small amount of food not eaten. 
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by saturation with NaCl in neutral reaction, as well as some 
inorganic salts. In a later experiment not recorded in this 
paper in connection with other experiments, the protein was 
dissolved in water, coagulated by heat, and washed with hot wate 
until tests for chlorides in the wash water were negative The 


coagulated protein was then dried n vacuo and ground to 


nne powder. The results with this more highly purified prepa 


ration were similar in everv respect to those recorded here for 
the uncoagulated protein 

As shown in Tables I and III, maintenance: 
equilibrium Was possible unde1 conditions ol 
intake when the serum proteins, relatively high in 
tent, were the main source of the protein of the di 
casein, low in its content of cystine, furnished the bi 
protein. Thus on a nitrogen intake of 1.81 gm. daily 
the average nitrogen balances were 0.70 and 0.835 gm 
spectively during the fore and after periods when casein was 
fed, as compared with a balance of —0.32 gm. in the serum pro- 
tein period. With a higher nitrogen intake of 2.04 gm. per day 
Table III), the average daily nitrogen balances were—0.51 and 

0.34 gm. respectively with casein, and +0.09 gm. with serum 
albumin. The serum proteins were also more efficient in the 
maintenance of nitrogenous equilibrium than were the proteins 
of beef heart when the latter constituted the sole source of protein 
in the diet (5 

When casein was supplemented by the addition of cystin 
the diet (Table I, Period IV; Table II, Periods II and V; T 
III, Period IV), the balance of nitrogen became positive in © 
case except one. The failure of glycocoll and tyrosine to influence 
the balance of nitrogen (Table II) is additional proof of th 
specific demand for cystine on a diet poor in this amino-acid 
These results are in harmony with the work of Osborne and 
Mendel l), in which these observers reported that growth in 
white rats occurred at a lower plane of protein intake when 
casein was supplemented by cystine than with casein alone. In 
the present series of experiments, casein supplemented by cystine 
was apparently somewhat superior in nutritive value to serum 
albumin. This may possibly be explained by the fact that some 
amino-acid other than cystine is the limiting factor for this 
protein. 
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SUMMARY. 


The relative efficiencies in nutrition of casein, a protein low 
in cystine content, and of serum albumin, high in cystine content, 
have been studied in dogs. Serum albumin under conditions of 


a low protein intake is more effective in maintaining nitrogenous 
equilibrium than is casein. When casein is supplemented by 


cystine, however, it is as efficient for the maintenance of nitro- 
genous equilibrium as is serum albumin. These experiments 
furnish additional evidence that cystine is essential for main- 
tenance as well as growth 
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While studying a type of evanosis due to change in the blood 
pigment, with the formation of methemoglobin, need arose for 
a simple and accurate quantitative method for methemoglobin. 
A further incentive was the belief that such a method would be 


of considerable value in hospital or clinical laboratories, for appli- 


cation in cases of severe methemoglobinemia, when the amount 
of methemoglobin in the blood is of value in determining the 
advisability of certain therapeutic proce dures, such as transfusion. 

The method TO be deseribed WAS SUggeste d by the observation 
that in blood containing methemoglobin the hemoglobin deter- 
mined colorimetrically was considerably greater than the hemo- 
globin calculated from the oxygen capacity 7 

Stadie? has recently published a method for methemoglobin 
identical with ours except that the total hemoglobin is deter- 
mined as evanhemoglobin after converting the hemoglobin into 


methemoglobin. 
Principle of the Method. 


The method is based upon the fact that while Oxygen, as is 
well known, is liberated from hemoglobin by potassium ferricy- 
anide it is not liberated from methemoglobin even in vacuo. The 
total hemoglobin (hemoglobin + methemoglobin) is determined 


! A preliminary note was published by McEllroy, W. S., J. Am. Med. 
Assn., 1919, Ixxiii, 1927. The method was reported before the American 
Society of Biological Chemists (McEllroy, W. S., J. Biol. Chem., 1920, 
xli, p. xlvii). 

?Stadie, W. C., J. Biol. Chem., 1920, xli, 237. 
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colorimetrically as methemoglobin, using potassium ferricyanide 
to convert the hemoglobin nto methemoglobin. The oxygen 
capacity is determined by Van Slyke’s method,* from which is 
calculated the hemoglobin only. The hemoglobin as calculated 
from the oxygen capacity is subtracted from the total hemoglobin 
determined colorimetrically iis methemoglobin. The difference 


is the amount of methemoglobin 


LD SC) pl Or of thie VWethod. 


The blood is drawn from an arm vein and oxalate used to 


prevent clotting. 1 ce. of the blood is transferred to a 50 ce. 


volumetric flask containing 20 ec. of distilled water. lor this 


purpose an Ostwald pipette calibrated to contain l ce. 1s satis- 
factory. The blood is drawn up to the mark, allowed to drain 
into the flask, and the drop in the tip blown out. Distilled water 
is then drawn up into the pipette and discharged into the flask. 
This is repeated until the blood in the pipette and any adhering 
to the neck of the flask is washed down into the flask. 1 ec. of 
a 4 per cent solution of potassium ferricvanide is added and the 
flask agitated to insure mixing. After standing for 5 minutes 
it is diluted to the mark with water, mixed, and compared in the 
colorimeter with a standard solution QO! meth moglobin The cup 
containing the standard is set at 10 or 15 mm. The result gives 
the total hemoglobin (hemoglobin methemoglobin) in gm 
per 100 ee. of blood. 

The oxygen capacity is determined on a portion of the same 
blood. From this is caleulated the hemoglobin content in gm. 
per 100 ce Phe hemoglobin calculated from the oxvgen « Apac4ity 
is subtracted from the total hemoglobin (hemoglobin -+ methemo- 
lobin) and the difference is the amount of methemoglobin in 


u 


om. per LOO ec. of blood. 


Prepa ation of the Standard. 


The standard solution of methemoglobin having a known 
hemoglobin content is prepared from normal defibrinated or 
oxalated blood. Defibrinated ox blood is convenient. The 


Van Slyke, D. D., J. Biol. Chem., 1918, xxxiii, 127 
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hemoglobin content of the normal blood is determined from its 


oxvgen capacity. 10 ee. of the blood are transterre d ton SOO er 


volumetric flask containing 200 ee. of water and 10 ee. of 
per cent solution of potassium ferrievanide solution added 


flask is agitated and allowed to stand for 10 minutes It is ther 


| This gives a standar 


diluted to the mark with water and mixed 
solution of methemoglobin, the blood pigment value of which is 
for the determination of the total hemoglobin as described 


KnOWT 
] 
UNKNOWN, 


wove. 


suitable dilution of the standard should be made until one approxi- 
() 


In case the standard is much stronger than the 


mating in concentration that of the unknown is obtained 


course the degree of dilution of the standard must be known 
Nr) 


Che method of ealeulation is best illustrated by me 


example. 

Standard solution of methemog 
cc of blood. 

Colorimetric determination 
standard 10 mm. and unknown 11 mm 


10 
Then 1S 
] 


Hemoglob nm ¢ 
l heref 


The total hemoglobin (hemoglobin + methemoglobin) cannot 
De determined colorimetrically as carbon monoxiae hemoglo 
hecause the methemoglobin is not converted into carbon monoxide 
hemoglobin quantitatively. The methe moglol in, however, ap- 
parently may be converted into acid hematin by hydrochlori 
icid and the total hemoglobin determined as \ As thi 
spectroscopic data on this point is still incomplete the results 


will be published later. 
The color of the methemoglobin is very nearly identical with 


that of acid hematin and can be compared accurately colorimetric- 
ally. Although the methemoglobin and acid hematin approxi- 
mately match in color they have very dissimilar colorimetric 


values. 
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CONCLUSIONS. 


In blood containing methemoglobin the amount of methemo- 
globin and hemoglobin can be determined quickly and accurately 
by the method described. 








VITAMINE STUDIES. 


V. THE ANTISCORBUTIC PROPERTIES OF RAW BEEF.* 
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INTRODUCTION, 


The rapidly accumulating lit 


country, concerning the antiscor! 
materials lends considerable support 
dealing with a third hormone” 
the list of substanes alled vitamines 
of this vitamine 


ecome sufficiently gener 


lowing the iclatu f MeCollum 
s1onnate 


lon: us Vitami “water-soluble ¢ 
The work deseribed in thi 


IS papel 
large) cooperative problem under my 


f the study of the effect of he; 


on the 


methods of food preparation upon tl 


witanr 7 
V1 ill ( () 


some of our common food materials Meat was chose1 
first food to by studied 


: , P as 
owing to the fact that nhumMAan expe 


had indicated that this food possessed antiscorbutie prope 


and also because our facilities were unusually good for obt 


meats cooked in a varie ty of Ways 
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Our findings with regard to the antiscorbutic properties of 
beef, which are described in this paper, were such that the orig- 
inal plan, involving the cooking of beef, was, of necessity, aban- 


doned. 


Lind?’ is the first observer, as far as we are aware, to ascribe antiscor- 
butic properties to meat. In his early studies of tropical diseases (1771 
this writer made the interesting observation that a soup prepared from 
the flesh of the green turtle was curative in human scurvy 


About 120 years later Barlow’ advocated the use of meat juice or meat 
gravy as an antiscorbutie food for infants, although he emphasized the 
superiority of uncooked meat over that which had been cooked 

Smith,® in an interesting article on the historical phases of antiscor- 
butic foods and drinks, cites the ease of the Grinnell expeditions u which 
‘a certain amount of fresh meat’’ failed to prevent scurvy on the first 
expedition, while scurvy was thought to have been prevented on the see- 
ond expedition by occasional supplies of fresh meat 

More recently Stefdnsson,® describing his experiences in the Areti 
regions, states that fresh meat prevented and cured scurvy in his party 

Wiltshire,’ on the other hand, reports observations on 132 cases of 
scurvy among Serbian soldiers whose daily diet had contained meat which 
had been frozen his writer is of the opinion that fresh raw meat con- 
tains ‘‘a small amount of antiscorbutie vitamine’”’ but that freezing and 
cooking ‘‘render meat practically useles 

Chick, Hume, and Skelton® were unable te » anv beneficial effect 


when meat juice Was fed to guinea pig vhil / s of the opinion that 


dried meat delayed the onset « CuUrVY svn : , ti same tvpe of 
0 eriticism, however, d th ret tl nilk 13 fed 
The intiseorbut nOrop yO rill 1 ‘ ly sroportions 
vy ingested 
md quantity 
publication Givens 
howing that they were 


furthe more, thre \ found th it 
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7 Wiltshire, H. W., Lancet, 1918, 11, STI 
8 Chick, H., Hume, E. M., and Skelton, R. F., Biochem. J., 1918, xii, 131. 
Pitz, W., J. Biol. Chem., 1918, xxxvi, 439 
vad Dutcher, R. A., Pierson, | M and Biester, a ence, 1919, & 1S4 
it Givens, M. H., and MeClugage, H. B., : hi, 273 


























R. A. Duteher, E. M. Pierson, and A. Biester 303 





diets by the ingestion of dehydrated beef These results are not in accord 
with those of Pitz,’ the explanation of which, Givens and McClugage 
believe, lies in the amount of milk consumed by the guinea pigs in Pitz’s 


t 


experiment his view is also in accord with our former statements; 
that is, that the milk should always be fed quantitatively, for ‘‘the ant 
corbutic properties of milk are proportional to the amount of mill 


ngested 


EXPERIMENTAL. 


Care of Animals.-—The animals used in the experiments described 
n this paper were healthy voung guinen pigs weighing between 150 
ind 350 gm No guinea pigs were used until they had been unde 
servation for several days during which they were fed a normal 
liet of oats, cabbage, carrots, and hay. Guinea pigs which did 


grow normally were climinated from the experiment. The 
inimals were grouped according to weight, cach experimental 
group being made up of one heavy guinea pig, one light guinea 
pig, and two which fell between the two extremes in regard to 
body weight. This was done in order that the groups should bi 
comparable, one with the other, and to eliminate as far as possible 
the effect of age and size of the animals on the average length of 


me elapsing before the onset of the disease. 

The animals were confined, singly, in cages containing remov- 
able metal trays which were cleaned once or twice a week and 
prayed with a cresol preparation. Clean fresh sawdust was 
ised as bedding to absorb moisture. Weight records were taker 
every 4 days before feeding and the animals were under observa- 
tion at practically all hours of the day. Autopsies were per- 


formed in all cases soon after death and ankle joints and costo 
chondral junctions were placed in Zenker’s fluid, washed and 
carried through dilute aleohol, and finally preserved in 95 per cent 
ilcohol for histological examination. 

Beef Extract.—Lean beef freed from gristle and fat was finel) 
ground, and weighed portions were mixed with water and allowed 
to stand in a cool place for 12 to 15 hours. The mixture was 
then subjected to pressure In a hand press and the liquid extract 
carefully removed, The dry meat pulp was then treated with 
water a second time and allowed to stand for 2 hours. After a 
second pressing a third extraction was made. The water extracts 


were combined and made to such a volume that 2 ee. re present dt 
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the water-extractable material from 1 gm. of beef. Fresh extracts 
were made every 3rd day and these were kept on ice until used. 
The beef was procured in the open market. 


Experimental Diet.—As has been customary with many investi- 


gators in this field, oats were fed ad libitum. In order to improve 


] 


the protein and salt content of the ration 25 ec. of autoclaved 


milk were given daily. The milk was autoclaved for 1 hour at 
120°C’. to eliminate any possibility of introducing the antise 
butic vitamine in the milk. Little difficulty was experienced in 
getting the animals to take the milk quantitatively from dishes, 
provided water was withheld for a time before feeding. 

beef extract was fed by hand by means of a large medicine « 

per. In a few cases it was also necessary to feed the milk 
hand, especially during the latter stages of the dise 


The groups of animals in Series I received the follow1 


Group ] 


IT 


1\ 
7 
VI 
VII. Oat 


Che detailed results of ie CX rimental 
shown in Table I. 


Examination of the data in Table IT shows that the presenes 

1 meat extract had little effeet in prev nting the onset of seurvy 
symptoms or in delaying death from scurvy When plo 
the curves are of the same type irrespective of the 
beef extract fed. The average leneth of time el: 


symptoms were noted was about 15 days, which is about 
usually expected on oats alone. The average length of 
about 26 davs, which is also the time usually expected on SCOor- 
butie type of diet. It was not considered necessary to feed the 
dry beef residues which remained after extraction for the reason 
that the water-soluble antiscorbutie substance could not hav 
remained behind in appreciable quantities in view of the methods 
employed. The feeding experiment with the solid raw beef 
Table I) substantiates our original opinion in this regard, for the 


ingestion of the chopped raw beef showed no beneficial effects. 
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In the confirmatory work 
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pasteurized milk were fed instead 
Chis was done with the view of dispensing with the 
elaving the milk, for it is well known™ that milk is so deficient 
antiscorbutie vitamine tha L (20 « 


+} 
rif 
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scurvy lesions 


No 


) che 
ned raw beef 


~s 


water 


git 


‘f extract 


ree 
Oats and 


Basal diet 
I 


(dats 
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could not influence the course of the disease to an appreciable 
extent. 


The diets fed in Series II were as follows: 


Group VIII. Basal diet water, 20 06 
1X ‘ “ 4 5 ee. of orange ju 
x 
XI 


The details of the feed 
marized in Table II. 

The data in Tab 

that the presence Of me: 

scurvy. When orange juice wa <d (Group 

veloped nd the same is true for Group X whiel 

“ange juice and beef extract. When the orange | 
omitted (yroup XI), the presence OF meat extract had no effect 


far as secur is concerned. It would : r, also, that the 


beef extract had no detrimental effeet when fed in the presence 


The length of life, in Series II, was prolonged bevond the usual 
period, the probable explanation pen the diet of the 
eow from which the milk was obtained rathet an upon the 
presence of the meat extract or t ra ia | milk was not 
vutoclaved. When the same milk was autoclaved for | hour at 


120 > Curves and data vere obt 1Ti¢ ad 


similar to those with the 
‘urized milk, thereby eliminating th ssibil 
of antiscorbutie vitamine in the : r 
lew will be published in detail in 
[t may be possible that the explanation for the antiscorbutt 
properties of the meat In the diet of Stefansson’s party® lies in the 
fact that the meat was obtained, almost entirely, from the seal 
and the bear and included not only muscle tissue but other tis- 
SUCS such as the liver It is well to emphasize at this point that 
too great care cannot be exercised In applying the results of 
experiments with guinea pigs and rats to problems in human 
nutrition Reeent work of Hess and Unge indicates that the 


demand of infants ‘th -solul vitamine is much less than 


Hless, nd ger, ee ed, A ; Ixxiv, 217 
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that indicated by previous work with rats. Similar discrepancies 
will doubtless appear as vitamine work progresses, due to the 
varying physiological demands for specific vitamines by the 


different species of animals. 


SUMMARY AND CONCLUSIONS, 


(Guinea pigs were fed diets of oats, water, and an amount of 
milk sufficient to improve the diet but insufficient to prevent 
scurvy. These animals developed scurvy and died. When 
water extracts of raw lean beef were fed representing 5, 10, 15, 
and 20 gm. of raw beef no differences could be noted in the time 
of onset of scurvy or in the length of life of the experimental 
animals. Orange juice, added to the basal diet, prevented 


scurvy, both in the presence and absence of meat extract. The 


excellent condition of the animals on the orange juice-beef extract 
diet shows conclusively that the poor condition of the animals on 
the beef extract diet was due to the absence of the antiscorbutic 
vitamine rather than to any deleterious property of the beef 


extract. 


In conclusion, we wish to acknowledge the assistance of Dr. 
H. Kk. Robertson for his preparation and interpretation of some 
of our histological material, Dr. C. P. Fitch for assistance in some 
of the postmortem examinations, and Mr. O. Mydland for assis- 


tance in caring for the experimental animals. 





CRITICAL STUDY OF METHODS FOR THE DETECTION 
OF METHYL ALCOHOL. 


By ALEXANDER O. GETTLER 


Ved 


During the vears 1918S and 1919, I have had oecasior 


? 


amine over 700 human organs for alcohol. In additior 
about 250 liquors of various descriptions were analyzed 

In the work with liquors, wines, whiskeys, and cordials, a very 
nteresting and far reaching observation was made, particularly 


in connection with medicolegal work. It was found, when the 


liquors were tested in the customary manner, that is bv oxidation 


of the alcohols to aldehydes and then applying the usual color 
reactions milk-hydrochloric acid test, resorcin test, gallie acid 
| at 


Mi 


test), that many liquors which contained no methyl alcol 
all gave very good positive reactions to one or all three of thi 
above named tests. Then again, liquors which contained even 
as much as 10 per cent methyl aleohol would often give a milk- 


hydrochloric acid test no different from a good ethyl alcohol liquor; 


that is, the characteristic methyl aleohol reaction was entirely 
masked (28). The cause of these false and masked reactions was 
the presence in the oxidized products of the liquors ol a num- 
ber of substances such as acetone, acetaldehyde, ethyl alcohol, 
formic acid, dimethyl-ethyl-carbinol, secondary and_ tertiary 
butyl aleohol, essential oils, acrolein, and furfurol. The more 
examinations I made, the more I was impressed with the unreli- 
ability of the above tests. Therefore, it appeared of great impor- 
tance to make a study of all the tests for methy! aleohol reported 
in the literature in order to find a set of tests which, when prop- 
erly applied, would give results upon which there could be placed 


absolute reliance 
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5S tests for methyl alcohol were found in the literature. All 
these were put through a critical study upon eighteen liquors ot 
the following description : 

ight typical good grain alcohol whiskies. 

One combined distillate of 58 liquors free from methyl alcohol 
and containing 42 per cent alcohol.' 

(ne mixture of 5 per cent methyl alcohol plus 


above combined distillate plus tO per cent water. 


oe) 


One mixture of 10 per cent methyl alcohol plus 50 


above combined distillate plus 40 per cent water. 


One mixture of 20 per cent me thy] 


alcohol plus 1) 


combined distillate plus 40 per cent water. 
(one mixture of 30 per cent methvl alco} ol plus 30 


thbove combined distillate plus 10) per cent water. 
ive typical methyl aleohol liquors confiseated 


ach of these eighteen liquors was subjected to all the 58 tests. 
The reactions marked with an asterisk were not completely studied 
either because the reagent Was not obtainable or because the 
all amount on hand was not sufficient to permit the testing of 
} 1 test to a series of 


] 1] } 
ically all the character 


wghteen samples. By applving eacl 


is the one indicated above, prac - 
1 1} l } 
such as sensitiveness, relabpiity specinceity, and imtluence 
upon the reaction of roreign subs ances, were brought Out 
sts Tor me thvl alcohol can be classified two groups 


aleohol mus st be oxidized 


Into formaldehyde before the tests are applied B 


Phat group in which the methyl] 


that group in 
which no oxidation Is necessary, the test being applied directly 


In both groups of methods it Is lmpera- 


} 


to the ileohol moleeule. 


first to distill fractionally the liquor thie obec heineg 
admixed substances” and 


m Tre 
hols from non-volatile 


the aleohol in more concentrated form. 
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Mi thods of (Group A. 


In this group the tests depend upon the reaction of formalde- 
hyde with the various reagents mentioned below. 
fore necessary first to convert the methyl alcohol 
hvde. This is brought about by oxidation, Seve 
oxidizing methyl alcohol into formaldehyde 
Plunging a red hot copper spiral into 
bh) Passing the Vapors of aleohol m 
over hot copper. 
c) By finely divided platinum. 
Alkaline permanganate. 
Potassium dichromate and sulfuric acid. 
Chromic acid 


Sodium persulfate and sulfurie acid 


Manganese peroxide and sulfuric acid. 


Lead peroxide and acid or 
}) Hydrogen peroxide 
\ll these methods hay 
dichromate o1 permanganate. 


oxidation products othe ! 


PiU AMOUNT 
as it depends upon 
Idizing agent. and also , he te mpe! 
is well to point out that in these onidat 
of formaldehyde formed from ethy] 
is not Important because it Is a 
‘nt and yields reactions so faint, compared 
cent methyl aleohol liquor, that it cannot 
conditions best suited for a 40 to 45 per cent to 90 proof 
alcoholic beverage are shown below in the “Typical procedure 
for methyl aleohol detection.”’ In liquors containing less alcohol, 
the oxidizing agent should be corre spondingly decreased. 
\fter the oxidation, it is necessary to destroy the excess of the 


oxidizing agent. This is done by adding sulfurous acid and boil- 
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ing until no sulfur dioxide odor is detectable, or by adding oxalic 
acid and filtering, if necessary, or by adding oxalic acid and dis- 
tilling. I have found that the last of these three methods is by 
far the best. In distilling, if both methyl and ethyl were origi 
nally present in the liquor, the acetaldehyde comes over in the first 
30 cc., and the formaldehyde comes over in the next 60 to LOO ce 


This, of course, is not a sharp division, but it separates the major 


portion of the acetaldehyde from the formaldehyde and is im 


portant, as acetaldehyde is an annoying substance in the reactions 
for formaldehyde. A further advantage is that such distillation 
leaves behind the residual substances from the oxidizing agent 

The oxidized and fractionally distilled material can then be 


tested by any of the following reactions.’ 


Formaldehyde with Phenylhydrazines. 


drazine hydrochloride plus ferric chloride plus concentrated 
| id vield a beautiful crimson color (1-4 \ 

», Phenylhydrazine hydrochloride plus ferric chloride and stratifying 
concentrated sulfuric acid underneath yield a beautiful crimson-colored 
ring (4, 5 ID 

3. Phenylhydrazine hydrochlorid sodium nitroprusside plus so 
dium hydroxide vield a deep blue 

nvlhydrazine hydrochlorid pru ( issll rerricy inide plu 


hydrochloric id vield a re » much formalde 


Phenvlhydrazine hydroehlo 
vnling vield a vellowi 
lhvadra Ine hvdrochlo 
vdrochlorie acid giv 
phenvilhydra Irie 
dimethyldipheny 
thvlphenylhydraz 


precipitate may al 


following sign 


\. Reliable, extremely sensitive, technique fairly simple 
B a for 5 per e¢ nt oT 4 


C. “ Cog ES oe 3 long and ted 
D 5 in great majority of cases but not in all 
EK. Unreliable. 

Not completely studied, 
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9. p-Dihydrazinodiphenylhydrochloride and w ing 50-60" 
yield a flocky vellow hydrazone. This test can used for separating 
this hydrazone from the hydrazones of other aldehy 

10. p-Nitrophenylhydrazine in 
needle-shaped erystals, melting at 


alkaline with sodium hydroxide 


Formaldehyde 


11. B-Naphthol plus hydrochloric 
melting at 190°C A\cetaldehvde 
B 
Phenol ( tratifving sulfuric acid 
1) 


Resorecin plus sodium hydroxide and heati 


Resorein and stratifving sulfuric acid un 
D 


Resorein plus hydrochloric acid and boiling 


16. Dimethylhydroresorein pro¢ s a difficul 
product (31 

17. Naphthoresorcin plus hydrochlori 
tate which darkens on standing (32 

IS. Phlorogluei tus sodium hydrox 
l) 

19. Phlorogluci s hydrochlori 


divided preci 


24. Morphin 
develop a violet color nanging t lig lhis 
be modified to the production of ing 5 \ 
25. Morphine (a few mg plus mi us concentrated 
a pink color, changing to dee p bl 


mixture, aring of similar color is pro 
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"2° 


Codeine nt 


”) 


Ne 
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few mg.) plus concentrated sulfuric acid give a 


\ 


afew mg 


plus sulfuric acid give a violet color 


\pomorphine 


\ 


even more specific than the morphine test 


Formalde hade with Prot 


n ovl pet ) ful icid ¢ 
added to 
lj ami 


oncentrated 


this Lppre irs ad 


formaldehyde 
The 


ponia condenses with 


tetr urotropin 


= ise 
‘Namethylene imine 


iric chloride (78 


icteristie ervstals with mereul 


12. F 
1 color (79, SO). \ 


ichsin (reduced) plus sulfurie act 


re¢ 


violet 


This 
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43. Oxidizing to carbon dioxide under conditions in which ethyl! alcohol 
is oxidized into acetic acid. The carbon dioxide is then identified by the 
usual reactions (S1, 82). C 

14. Oxidizing with hydrogen peroxide in a solution made alkaline with 
odium hydroxide and performed at low temperature (5° or lower) yields 
formic acid The reducing power ol this acid is then detected (83 D 

15. Mercurie oxide plus sodium sulfite in alkaline solution precipitate 

aldehydes but do not precipitate formaldehyde (84, 85 I 
idizing to formaldehvde and detecting its odor 
‘rformed directly on the liquor. Oxidation 1 


i red hot copper spiral into the liquor (S86 I 


l'rom the study of the above set of tests. based on the detection 
of formaldehyde produced by oxidation from the methvy! alcohol 
the following reactions are to be preferre ad live color reactions: 
namely No. l phenylhydrazine-ferric chloride-hydrochlori acid 
No. 3) phenylhydrazine-sodium nitroprusside-sodium hydroxide 
No. 27) apomorphine-sulfurie acid, (No. 34)  peptone-ferrie 
chloride, (No. 42) reduced fuchsin-sulfurie acid; and two crystal 
producing tests, (No. 11 8-naphthol-hydrochloric acid, and (No 
11) hexamethylenetetramine-mercuric chloride. The five color 
tests are extremely sensitive, one part in 200,000 being easily 
detected The two erystal-producing tests are for specifierty 
rather than for the detection of minute quantities When the 
latter two tests are done in accordance with the foregoing methods 
as low as 5 per cent methvl aleohol can be detected 
to get erystal from material containing 
methyl aleohol if is necessary first to reat Dy ractional 
distillation. Phe structure of the erystals and their melting point 
are specifie tests The production of crystals is definite and con- 
vincing proof that the suspected liquid contains formal 


Che technique in detail of these tests is given below. 


VWethods of G OuUp B. 


Within this class fall those methods which are based upon the 
interaction of the methyl alcohol molecule with the reagent added, 
no oxidation being necessary. Methyl alcohol is used with the 
following substances. 


1. Sodium alizarin sulfon al ine solution produec 


1 


color with both ethyl and methyl alcoho! If ery 
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added and the mixtui shaken hyl aleohol will produces 
Nines eaietinhe whdtic wit \] hol the solution will rem 
N7 1) 
>» Sodium salicylate plu 
SS. St | 
red phosph 
With aniline 
e to the top 
lium chloride plu 


tt ilcoho! 


re 
ind its relati 
fferentiation (54, 102 
Scleni 


t methvl aleohol (108 


All the methods of this group require a large amount of aleohol. 
There is none here which can detect very small amounts. The 


technique is, in the majority of these tests, long and tedious, as, 








\. O. Gettler 319 


| example IN) No 3 (croup B. which is endorsed hy the De- 
partment of Agriculture, Bureau of Chemistry Cherefore 
ich requires little time is simple 
sume time just as specifie PIVC! 
The outstanding test (Giroup B is No 
the index of 
in the two aleohols that. 1 
alcohol in ethyl alcohol \s 
(;roup B, is very good Methyl aleohol on 
hvdroxvlamine and alkali vields evanide: ethy] 
Phe eyanicde produced is then easily detected by 


>) 
4 


etions (p 
\ll methods for the detection of methyl aleoh 
proved to be due not to the methvl aleohol but to impurities 
found in the commercial product are omitted in this: art 
{mong these mav be mentioned | the property to preven 


) 


the precipitation of mercury by hydroxide (due to acetone 
he formation of iodoform in the cold with alkalin« potassium 
iodide solution 3) the production of a flocculent precipitate 
with Nessler reagent, and (4) the property to decolorize perm 
inate more rapid! 
\fter the above short discussion of the \ 1} 
aleohol, [ will now indicate the proceed 


hown to be the best and the most 


alcohol in all kinds of liquors 
Vethyl Aleoho 


100 ce. of liquor a aken in a 200 ec. disti 
neutralized with sodium carbonate solution to rh nolpht fe! 


lein, and slowly distilled until 50 ee. of distillate have been col- 


lected. The distillate is then divided into two portions Distil- 


late A, 30 ece., and Distillate B, 20 ce. The latter is tested directly 


| 


is under No. 11, Group B, and No. 9, Group B. 
Oxidation.—Add 100 ce. of 10 per cent sulfuric acid to Distil- 
late A, using a 250 ee. distilling flask; also add 6 gm. of potassium 
dichromate and let stand for 10 minutes. Connect with a con- 
denser and receiver and very slowly distill off 30 ec. The dis- 
tillation of these 30 cc. should take 1 hour; the distillate then 
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contains most of the acetaldehyde but very little of the formalde- 
hyde, and is to be rejected. The distillation is then continued a 
little faster, until 60 ce. are obtained. This part of the distil- 
late contains most of the formaldehyde and hardly any acetalde- 
hyde. Some formaldehyde may still be left in the distilling flask, 
but the greatest portion is in these 60 ec. and this is used for the 
tests. 

The tests in Group A can be subdivided into several groups, 
depending upon the reagents used. In the first group, phenyl- 
hvdrazines are used as the reagent (Nos. 1 to 10); in the second, 
phenols (Nos. 11 to 23);in the third, alkaloids (Nos. 24 to 27);in the 
fourth, proteins Nos. 28 to 34): 1n the tifth, amines ( Nos. 35 to 39 
and, lastly, there are a number of miscellaneous substances of varied 
structure (Nos. 40 to 46). It is my desire to select the most reliable 
tests and, if possible, choose them in such a Wiy that each one Is 
taken from a different subgroup. The advantage of such a set of 
renetions is obvious —each reagent used is of an entirely different 
structure; namely, hydrazine, phenol, protein, alkaloid, ete. It 
might be possible that a foreign substance in the suspected liquor 
will react somewhat like formaldehyde with one of the reagents 
but it is not likely that the same substance will react in a manner 


sumilar to formaldehyde with all five of the reagents, 


being constructed differently. Furthermore, I neve 


I 
iy 


color reactions alone: thes should alwavs 
which vield ervstals. the latter bemng conclusive ( rys 

trueture and melting pomnt are definite and specie proort of the 
presence of a substance. [ further amplify my proot by stud 


ing the physical properties of the alcohol, as deseribed in No. 11 


Croup B. 
Detection. The tests » conducted in the following sequence 


Vo. 3, Group A; Color Reaction L, 2 a of this 
fraction are added ten drops of a5 percent on of phenvll 
hydrochloride, one drop of a 0.5 per cent sodium nitroprusside solution 
ind ten drops of 10 per cent sodium hvdroxide solution If formaldehyde 
is present, a blue color is obtained which changes to green and then to 
vellowish red Acet ildehvae produces a red color 

2, No. 12, Gro ip A: Color Reaction (19 To 2 ec. of the material add 
two drops of 2 per cent phenol and carefully stratify sulfurie acid under 
neath, \ red ring develops Acetaldehyde vives a vellowisl green, brown 


rr reddish brown ring 
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.. No. $87, Group A; Color Reaction (63 To 2 ec. of the oxidized ma- 
terial add 5 ee. of concentrated sulfurie acid, then add a few mg. of apo- 
morphine \ reddish V iolet color develops 

j. No. 34, Group A, Color Reaction (64).—2 ec. of the oxidized material 
ire heated to boiling after the addition of 0.08 gm. of peptone, three drops 
f 3 per cent ferric chloride solution, and its own volume of concentrated 
hydrochlorie acid If the original sample contained is cent 

methyl aleohol, a bright violet coloration devel 

ferric chloride make it more sensitive 

\ 12, Group A; Color Reaction (79 
of coneentrated sulfuric acid 
solution; mix and allow to stand 
ited by the violet-red color which grac¢ 
sin solution is made as follows 
hsin in 200 ec. of distil! 
he quantity corresponding 
ind until the solution assumes 
this requires about 1 hour The colorless fuchsin bisulfi 
s obtained when more than 1 gm. of sulfur dioxide | 
uchsin is valueless as a reagent after standing 2 da 
pared as outlined will keep well for 10 days, althougl 
»use a solution after 7 days 


6. No. 41, Group A; Crystals (Microscopic) (78).—10 e 


material are put into a small evaporating dish; 10 ce. of stron: 


ire then added. The mixture is evaporated, Just to dryness, on 

bath The formaldehyde condenses with the ammonia to hexamethvlene 
tetramine. The latter is then dissolved in a few drops of wate \ drop 
of mercuric chloride is added to a small amount of this solution and placed 
on a microscope slide. Typical crystals of hexamethylenetetramine- 
mercuric chloride develop The shape of these cystals varies with the 
concentration It is, therefore, best to make control experiments for com- 
parison with the suspected material 

?. No. 11, Group A; Cr ystals and Velting Point (104). in a test 
tube 3 ce. of the oxidized distillate, 0.04 to 0.06 gm. of B-naphthol, and three 
to five drops of concentrated hydrochloric acid. Boil gently until the 
liquid becomes filled with an abundant precipitate of small white needles 
Filter while hot. Wash with 1 ec. of dilute alcohol (1:2). Boil the pre- 
cipitate with 4 ce. of dilute aleohol (1:1 It is not necessary that al] 
should dissolve Cool and filter off the precipitate. Wash with 1 ce. of 
dilute aleohol (1:1 Dry on porous tile ina warm place and determine 
the melting point. 

Methylene-di-8-naphthol, the product, forms white needles which, when 
the temperature in the neighborhood of the melting point is raised at the 
rate of 1° in 15 seconds, begin to turn brown at 180°. It melts with de- 
composition to a red-brown liquid at 189-192° (uncorrected 

8. No. 11, Group B; Physical Properties (102 Determine at 20°C, the 
refraction of the distillate obtained in the determination of alcohol by the 
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Immersion retractomete! It on reterence to the table Cri¢ reira 


shows the percentage of aleohol agreeing with that obtained from tlh 


sal ly iiss imed t iat nome thy] ilcol ol presel 


bh] lal 
ippreciable amount ! } I tf aicoho 
it Ones indy 


tances ¢ 


w drops 


} 
cChio 


nt a Prussian blue col 
sodium hyd 
ind evaporate 
lify with hydrochlorie acid 
produced, ©) 


present 


[It might be well to mention the 
test. It is extremely simple and is t st which a 


liquol Inspector can perform. lt depen on the production Ol 


} 


t ; 


formaldehyde when a red hot copper spiral is plunged in hy 


0 It) 
alcohol. The odor, or, better, the sensation which formalde- 
hvde produces in the upper part of the nose must then be 


ognized, For strong methyl aleohol whiskies this test 1s 
good, but where it is a matter of 5 or 8 per cent ol methyl mixed 
with ethyl alcohol or other substances found in liquors, it is ex- 


tremely difficult, even impossible, for many people to deteet the 


presence of methyl alcohol. I have tried this CX riment on many 
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individuals, using the s: 
methvl aleohol was pres 


undeeicd 


and | rit ‘ 5 ye Ciliing | iN l entrated s 


furie a “d are added and the 1} l! | en ; \\ a ocool. (). | 


ap? ’ 
gin. OF potassium dichromat« hdided an ! O dILSSO 


Connect with condenser and receiver and vy distill until 40 


All the formaldehyde usually comes ove 
first 40 ce., unlike that in the distillation of the oxidized li 
Che distillate is then used for the following reactions, 2 ce 


ised for eac] er first five tests, and 30 ce. for the sixth. 


lloride a f conecet! 

The mixture is then placed ! ling water b: 
f methyl aleohol was originally present in th ssue examined 
\lthough test is unreliable when examining liquors, it is quite trust- 
worthy and characteristic when working with tissues This is probably 


to the organism having destroyed or conjugated and exereted the 


fering substance originally present in liquors 
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sulfuric acid underneath the mixture. A green to blue ring develops 
if methyl alcohol was originally present in the tissue. 

6. No. 41, Group A.—Concentrated ammonia condenses with formalde- 
hyde on evaporation into hexamethylenetetramine (urotropin). The 
latter gives characteristic erystals with mercuric chloride lor details, 


Bee page 52] 


It is not necessary to obtain hexamethylenetetramine-mercuric 
chloride crystals to prove conclusively the presence of methyl 
alcohol in tissues. The reason for this is that the foreign sub- 
stances found in liquors which cause false reactions are oxidized 
or conjugated and excreted rapidly from the organism, so that 
on distillation of the brain or liver tissue they are absent in the 
distillate. 


SUMMARY. 


1. The literature on methyl alcohol detection is reported. 
2. 58 tests for the detection of methyl alcohol were critically 
studied to ascertain the reliability, specificity, sensitiveness, and 
influence of foreign substances upon them. 

3. Over 250 liquors and over 700 human organs were analyzed 
for methyl alcohol. 

4. The most reliable tests are pointed out. 

5. A typical procedure for methyl alcohol detection in liquors 
is given in detail. 

6. A typical procedure for methyl alcohol detection in tissue is 
given in detail. 


I wish to acknowledge with thanks the valuable aid rendered 
by Mr. Harry Schwartz in the experimental work and in 
compiling the bibliography. 
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A METHOD FOR MANGANESE QUANTITATION IN 
BIOLOGICAL MATERIAL TOGETHER WITH 
DATA ON THE MANGANESE CONTENT 
OF HUMAN BLOOD AND TISSUES. 


K. REIMAN anno ANNIE S. MINO’ 


In 1918, following an opportunity to examin 
cases of chronic manganese polsoning occurring In 


eastern part of the United States 1) it was decided 


chemical studies of the occurrence and distribution of mang 


} , ° } } 
In normal subyects, in adiseused sul *| di sopportt 
mitted in eases of manganese poisoning 
] l } é 
i program tay in the developmen 


I manganest Such a met 
is reported in det: in the following paper. 
rrseae possible the investigation of a variety 
under investigation in this lab 


which are now 

reported in subsequent papers, as tor exampk 
I 1 Papers, 

ution of insoluble non-toxie eompounas 
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Che literature on manganese readily discloses the fact that this 
element occurs in practically all living tissues. The literature 
contams occasional reports Of man- 


from the time of Wurzer (2 


many of which appear undoubt- 


ganese determinations in blood 


edly erroneous. However, in 1905, Bertrand began a 
exact scientific researches on the subject of manganese. 


papers 3 deal with the effect of the eatalvty 


+ 


-actTiIoONn Of} rive 
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growth of cert: plants, and baeteri 
Bertrand concludes that managne 


phy siologica 


and niin i lit 


papel 


und Medi 


normal! Manganese content ¢ 
greceanu present an excellent review of the litera 


following determinatio 
expressed in milligrams per liter ef blood 


‘ 


1 this subject and 


is Oo 


rinnining t ‘MmAaAngANeS separate Vin plasma ind corpuscles 
blood. 


‘Vv find 


() late) pape rs 


ous tissues of mam 
invariably find manganest 


re sults enleulate a on LOO om 
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Bertrand points out the fact that the organs of principal fune- 
tional importance, e.g. liver, kidney, ete., have the highest man- 
ganese content while the muscles, lungs nerve tissues, e1 con- 
tain very little. He finds more nanganess iP real birds 
than in mammals There is some in the vol oy 
in milk. rom these data he concludes that mangan 


Oorganish) 


“ 


Important physiological place in the livin 
The method of analysis emploved by Bertrand 
searches is briefly as follows (4, 6 
The tissue or blood is heated in platinum un 
carbon disappears, the temperature being ke pt: low Ss possil 
to prevent the formation of the difficultly ) le mangan¢ 
sesquioxide. The ash is treated first with a small amoun 
hydrochloric acid and warmed gently to dissolve any 


sesquioxide which may have been formed, and then treat 


sulfuric acid at a dull red heat. This treatment destroys the last 


Anes¢ 


trace of carbon and if not too strongly heated the mang 
left in easily soluble form. 

Bertrand (6 discusses the various agents which have | 
posed for the oxidation of manganese; ., lead pe roxid 
7), bismuth peroxide by Schneider,' potassium hy 
in the presence OF coppel sulfate by Duvk and alk 
fate in the presence ol silver nitrate by Marshall (8 
the use of lead yp roxide and the alkaline persulfat 
factory. In his hands the lead peroxide method, 
of boiling a nitric acid solution of manganes¢ 
allowing the dioxide to settle, and comparing 
with standards similarly prepared, gives resul 
proper experimental conditions are maintained 
very slow and troublesome and much prefers the alkal 
fate method. 

The alkaline persulfate method of Marshall (8) ce 
the following reaction, which takes place only when silver 1 


sent as a catalyst. 
2Mn(NQOs5)2 + 5K2S205 SH.O 2HMnO, + 1LOKHSO, + 4HNO 


This reaction is due to the intermediate formation of silver 
peroxide, as proved by Bertrand (6). After considerable experi- 


1 Cited by Bertrand (6 
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mental work Bertrand varies slightly the conditions prescribed 


by Marshall and finally arrives at the following procedure. The 
residue from the sulfuric acid treatment is dissolved in nitric 
acid (sp. gr. 1.33) previously diluted with three volumes of water. 
The solution is made up to 10 ce. in a graduated tube, five drops 
of 10 per cent silver nitrate and 0.1 gm. of powdered potassium 
persulfate are added, and the whole is gently heated to boiling 
to develop the permanganate color and to decompose the excess 
of persulfate. This color is compared with standard solutions 
similarly prepared in standard comparison tubes. Bertrand states 
that only potassium persulfate can be used successfully and that 
ammonium persulfate always gives incorrect results (6 

In 1907, Bradley proved manganese to be a normal constituent 
of the tissues and eggs of the fresh water clams, Unio and Anodonta 
9). His analyses showed that the dry tissues contain about | 
per cent of manganese. Since in this case the manganese content 
was so high, he had no difficulty in applying a moditied Volhard 
method. In his later paper (10) he develops a shorter titration 
method, wherein he oxidizes the manganese from the ash, with 
ammonium persulfate in a nitric acid solution in the presence of 
silver as a catalyst, to permanganic acid. After boiling, he tit- 
rates the permanganic acid with a standard solution of arsenious 
acid, Although specimens of these clams obtained from all parts 
of the United States were analy zed not one was found that was 
manganese-free, nor did the amount present vary greatly. Brad- 
ley also showed that in water where the manganese content was 
very low the clams were of smaller size than in those waters 
where the manganese was more plentiful, thus indicating that 


manganese was a necessary element in their metabolism. 


Ve t} od. 


Since it has been shown that the blood and tissues contain 
only a very small amount of manganese, and, since the limit of 
sensitivity of the colorimetric method is 0.002 mg., it is evident 
that if results of value are to be obtained the sample of material 
taken for analysis must be fairly large, 20 to 100 gm. The de- 
struction of this large amount of organic material without loss 
of the small amount of manganese becomes a matter of some diffi- 


culty. 
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There are two principal operations to be considered in the dis- 
cussion of any process for the determination of small amounts of 
manganese in blood and animal tissues; (1) the ashing and sub- 
sequent solution of the material, and (2) the regulation of condi- 
tions for the oxidation of the manganous salts to permanganic 

cid. These two operations will be discussed separately and in 


tne AbDOVE order. 


ecount of the difficulty of dissolving the ignited ferric oxide 

( h in hydrochlorie and sulfurie acids at a low temperatu 

elt it would be safer to take up the ash with an acid fusion 
hich is essentially treatment with sulfurie acid at 500-600° 


rhe first problem then was the choosing of a receptacle suitable 


for this fusion. In the literature the ashing process is nearly 


alwavs deseribed as being carried out in platinum at as low a 
temperature as possible. In such a slow process the expense is 
eer ee ee! aia | a er ‘ The 
prohibitive HW many analyses are to be made at a irri | ere 
is also a possibility of solution of some of the platinum, which is 
aE eee : ae, ee ee ae Se 
ikely to interfere in the final color determi 101 lor these 
reasons we have not considered platinum, and there remained a 
‘noice Ol noreelain 4 CX olass Ol quart he Wi } 1 { tried al 

three of thes 

Small porcelain dishes of a variety of makes g gO esults 
except that breakage was frequent and the inside glaze had a 
tendenev to chip after being used a few times 


would often soften when the dry ashing and fusion process was 
ised. Hows ver, bette results were obtains i with what w r 
eall the wet process; 7.¢., destruction of the organic material wit! 


mixtures of concentrated sulfuric, hydrochloric, and nitric acids 
in a Pyrex Kjeldahl flask. This process would admit of no ques- 


tion as to complete recove ry of manganese from the ash, neither was 


there anv danger of contamination, as repeated tests have shown 


that Pyrex glass is free from manganese. The tissue or blood was 


boiled a short time with concentrated sulfuric acid to remove 


water and Tat ina ther 30 to 1() ec. of eoneentrated 1 
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hydrochloric acids were added and the mixture was allowed to 
stand over night. In the morning, it was usually necessary only 
to boil off the excess acid to obtain a few ce. of clear liquid con- 
taining all the manganese in solution as sulfate. A large number 
of determinations and recoveries on blood and tissues have been 
made by this method with uniform success and while we feel that 
it is absolutely reliable there are obviously several serious draw- 
backs; 7.e., the length of time, the large amount of reagents re- 
quired, and the difficulty of fume disposal when large numbers of 
analyses are to be made. 

Therefore we decided totry the remaining possibility ,U2Z., Quartz 
beakers. The only difficulty with the quartz beakers now upon 
the market is that many contain manganese and as the acid sul- 
fate fusion dissolves some of the beaker contamination results. 
This manganese probably enters the beaker as an impurity in 
the raw material. We have discussed this matter with the man- 
ufacturers and are assured that beakers free from manganese will 
soon be available. In the meantime, a number of beakers are 
purchased, blank fusions made in them all, and those containing 
manganese are returned. In a dozen beakers, there are usually 
one or two which show a trace of manganese, about 0.002 mg: 
while occasionally one will gIVe a blank of ten times that amount. 
Beeause each fusion removes a thin laver of quartz and because 
there is no certainty that the manganese content is ? ! throughout 

1 ] 


the thickness of the beaker, several blanks must be made in the 


same beaker during the period of its use, but so far such blank 
fusions have repeated the initial result 
The following 1s the exact procedure in what mav be ealled the 


quartz beaker method. In the case OL DIOO |, the sam 


ple ror an 

alysis is taken directly from a vein by means of an all glass syringe 
1 > l 

and placed in a tared quartz beaker. In the case of tissues, they 


are carefully washed and cleaned of adhering portions of fat and 
connective tissue rinsed finally with distilled water, put into a 
tared beaker. and weighed. Wet weights are used throughout. 


In case the blood is obtained outside the laboratory, we supply 


clean bottles containing a small amount of pure potassium oxa- 


late to prevent coagulation of the blood. From this point, blood 
and tissues are treated alike. The beaker containing the wet 
] 


material is heated on a sand bath until it is thoroughly dried. 














ee A 








~~ 


C. K. Reiman and A. S. Minot ‘ 


Then it is put over a Tirrill burner so that the hottest part of the 
flame strikes the mouth of the beaker, not the bottom, as too 
high a temperature will fuse the salts in the blood and tissue into 
a glass which is very difficultly soluble. The beakers are fre- 
quently turned and heated in this manner until the tar which 
forms has completely dried out. Then they are put into an elec- 
tric furnace maintained at 600-700°C, until the carbon has nearly 
disappeared. This point should not be overstepped because of 
the possibility of fusing the ash into a very resistant glass. In 
fact, a considerable amount of carbon left at this point does no 
harm as it will be filtered out later on. It is graphitic carbon 
and cannot interfere with subsequent work. 

The ash is now ready for the acid sulfate fusion. Ordinarily 
fused potassium acid sulfate would be used (KeS.O0;). It is dif- 
ficult, however, to obtain this compound manganese-free, since 
it is usually fused in iron containers which invariably contain 
manganese. We have made the acid sulfate directly in the beaker 
at the time of fusing by treating 2 to 4 gm. of a mixture of sodium 
and potassium nitrate with 10 ec. of pure sulfuric and 5 ee. of hydro- 


chloric acids and warming gently. The mixture of nitrates is used in 


order to obtain a lower melting point. This procedure has severa 
advantages. The nitrates and acids are readily obtained pure. The 
nitric acid set free and the hydrochloric acid destroy much of the 


1+ 


residual earbon and are better solvents for some of the ignited Salts 


, ' 
lt macerlaleventy 


than is sulfurie acid alone. The excess acid wets 


ind. while boiling, some of it condenses on the sides of the beake1 


d carries down adhering material. Verv soon a few ce. of a 
ar fusion form at a cherry-red heat. Most of the carbon left 
om the ashing is destroved before this point 1s re iched. How 
rif a large quantity is still present 1t Is well to add a few ee. of 


hydrochloric or nitric acid or both, and a few drops of sulfuri 
acid, and again heat until the whole fusion is red. This will at- 
tack any mineral matter within the earbon particles. 

When the fusion is finished it should be liquid with a few erys- 
talline flakes on the surface. The beakers should be rotated with 
tongs so that the molten material will flow round the sides and 
not harden in a solid mass at the bottom, for potassium sulfate 
expands sharply as it solidifies and the beaker is sure to crack. 


This is very important. If too much sulfuric acid is boiled off 








336 Manganese 


pr 
and the melt hardens at the high temperature of the Tirrill bur- 
ner, it must be removed from the flame and cooled for about 2 
minutes and then a few ce. of sulfurie acid cautiously poured 
down the side of the beaker. The acid is then evapo! ited as 


perore i 


\fter the melt has hardened and nearly coole: 


ire added and the beaker Is set on a sand bath until the conte nts 


have dissolved. If the cold water is poured onto a thick lave 
of the solidifying sulfates while they are still verv hot, the beaker 

il ely to ern k locally IN) the Vielnity ol the lump (oiter there 
re white floc ule nt particle s of silica and black specks of carbor 
floating in the solution at this point These should be hitered 
ff and the liquid received in a Pyrex conical flask Che silica 1 
present in large quantities if the fusion has been earried too far 
DeCaAuUse ome of the normal sulfates lose sulfur trioxide leaving 


in alkali behind whieh attacks the silica of the beaker at the high 


; 


temperature of the fusion It is when this happe ns that a beaker 


containing manganese would seriously contaminate the analvsis. 


} 


Sometimes this siliea passes through the filter and eventually 
make S the nin | color COMpPArTIsoNn difhieult the solution having A 


ereenish color due to colloidal silicic acid I} | ee. Oo} hvdro- 


Huorie acid which has been previously tested for manganese 1s 


added and the solution warmed, this silica will immediately dis 


ippear If the volume is greater than 50 e the solution 
evaporated on a sand bath to approximate this volume wma 
then ready tor thre final step the cle velopment of thre permanganate 
Oot 
The O fate ft Map Phe Na/t P c A 
, ' , : : , , , ’ 
Like Bertrand, we found that both the lead dioxide and per 
Ifat i Lotitcce . ' lj by lcm, hart 
LIT Eat methods OF OXIGATION Gave correc results Lid ve Also Nad 
. } t] sas bh avtids ih baal din ef , 
very good success with @ Dismuthate method used in steel ar 
metimes if I ble Cle hi he ly K ¢ 1 I lvl ter 
eri determin } » re ( e black fil: f carbon whicl te 
’ id 1 hyit ot whiel have heer ened | +} _ 
vious fusions We have found that the easiest way of doing this is to p 


tbout 10 ec. of hvdrochlorie and 5 ec. of hvdrofluorie acids into the beaker 


nd gently warm while rotating with tongs to bring the acid in contact wit! 
ill part of the irfac \ dozen or} re beakers can be thoroug! eaned 
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alysis. We used this last method for a time but as it involves 


filtration by suetion in each determination it was time-consum- 


ing and the shorter persulfate method was employed giving re- 
] no 


sults which checked perfectly with those obtained by the long 


e 


bismuthate method. 
Bertrand (6) holds that potassium persulfate is far superior to 


the ammonium salt and that the nitric acid concentration should 
be kept very high (one part of concentrated nitric acid to thre 
parts OF water). We have used both potassium and ammonium 


+ 


persulfate with equal suecess except in the instance of two bottl 


of the ammonium salt which, although of best quality, contained 


a large amount of organic matter. This impurity, of course, 
reduced the permanganate to insoluble manganese dioxide. A 


} 


wide range of acid and silver nitrate concentrations have b 


OT) 


1 


tested and consistent suecess has been obtained with the one 
recommended below, and fair success together with unexplained 
failures in using stronger acid solutions. 

We recommend 1 ce. of concentrated nitric acid and 0.2 to 0.4 
ee. of 2.5 per cent silver nitrate for 50 ec. of solution. For ease 
in pipetting, the acid is diluted to 50 per cent (by volume) and 2 
ce. are used. The acid and silver nitrate are added to the solu- 
tion containing manganese together with about 0.5 gm. of per- 
sulfate and the whole is warmed gently on the sand bath for 10 
minutes. Bertrand recommends boiling at this point in order to 
destroy the excess persulfate which he believes often oxidizes the 
silver to silver peroxide. We do not consider this important, and 
boil our solution only a short time if at all, and find that the per- 
manganate color will keep unchanged for several days if a small 


excess of persulfate is allowed to remain. With turbid solutions 
lh) 
itu” 


which are difficult to compare, this is an advantage for the so 


‘lear pink 


tion may be allowed to stand over night, and then the « 
solution can easily be decanted into a Nessler tube leaving the 
residue behind. If it is desirable to determine the amount of color 
in a turbid solution without delay, the liquid may be centrifuged 
for 2 to 3 minutes, and the clear supernatant liquid decanted 


into a Nessler tube. 
The standards used for comparison will keep unchanged for 


} 


several weeks if the color is developed as described above, and if 
thre tubs Ss Aare kept eovert d to protect them from the dust Star 








338 Manganese 


ards made up by diluting a potassium permanganate solution of 
known concentration will not keep, however carefully the water 
used for diluting has been prepared. As potassium permanga- 
nate is the salt of manganese most easily obtained pure it is well 
to start with a calculated and weighed amount of it and reduce the 
manganese to the manganous state by adding a solution of sul- 
furous acid. The whole is made up to a known volume. Frae- 
tional parts of this stock solution are taken from time to time, 2 
ec. of the 50 per cent nitric acid, a few drops of 2.5 per cent silver 
nitrate, and 0.5 gm. of persulfate are added, the volume is made 
up to 50 ce.,and the color is developed by 10 minutes heating. In 
this manner Nessler tubes containing 0.002, 0.004, 0.006, 0.008. 
0.010, 0.012, 0.015, 0.020, and 0.025 mg. of manganese are pre- 
pared, 

If there are more than 2 or 3 mg. of manganese in the sample 
for analysis, manganese is likely to be precipitated in the form of 
manganese dioxide unless a different set of conditions is main- 
tained; 7.e., stronger acid—more silver and persulfate. If this 
brown precipitate is not too great in amount it may usually be 
dissolved and converted to the permanganic acid by adding 1 
or 2 gm. of the persulfate. This, of course, increases the acidity 
and dissolves the manganese dioxide immediately, oxidizing it 
to permanganic acid. If the precipitate is heavy it is advisable 
to dissolve it by the addition of a small amount of sulfurous acid 
and develop the color in an aliquot part. 

When the color in the sample runs higher than the highest 
tube, we generally dilute to 100 or 200 cc. with distilled water 
and take 50 ce. for comparison. A Duboseq colorimeter has been 
employed for stronger solutions using suitable standards which 
are prepared 500 ce. at a time and kept in the dark in glass- 
stoppered bottles. These stronger solutions (0.2 and 0.3 mg. of 
manganese per 100 ec.) have kept for several weeks without 
change. 

It is, of course, almost unnecessary to note that chlorides or 
other reducing agents must be absent from the solution in which 
the permanganate color is developed, or to say that all reagents 
must be proved to be absolutely free from even traces of man- 


ganese before they can be used in this work. 
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Using the method described above, a series of experiments em- 
ploying a constant amount of ox blood (50 gm.) to which varying 
amounts of manganese had been added has been made and has 


given uniformly good results. The results of this series are given 








in Table I. In the course of our work we have made a large num- 
by r of other recoveries and checks which are not reported. \t the 
same time we performed a parallel series of experiments using 
Bertrand’s method of alternate treatment with hydrochloric and 
sulfurie acids in order to prove whether or not ou suspicions in 
: regard to the interference of iron in that procedure were well 
founded. \ comparison ot the results by the two methods shows 
that, while recoveries are possible by Bertrand’s method, more 
onsistently good recoveries are made by the shorter and sim- 
pler acid fusion method, 
TABLE I : 
Acid fusion method Bertrand’s method 
Mn added Mn recovered Mn added Mn recovered 
m = 
0.003 0.004 0.0035 0.0038 
0.003 0.003 0.003 0 OOO 
0.003 0.002 0.005 0.003 
0.004 0.005 0.004 0.000 
F 0.005 0.005 0.005 0.002 
i 0.005 0.006 0.005 0.002 
0.005 0.006 0.005 0.005 
0.905 0.005 0.005 0.006 
0.005 0.005 0.005 0 003 
0.005 0.006 0.008 0.002 
0.005 0.004 0.008 0.007 
0.008 0.009 0.010 0.006 
0.010 0.011 0.010 0.007 
0.010 0.012 0.010 C006 
0.010 0.010 0.013 0. 00S 
0.013 0.013 0.020 0.012 
| 0.013 | 0.013 0.020 0.013 
0.020 0.023 
0.020 0.021 
0.020 0.019 
O20 
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Manganese 


Vormal Mangane S¢ Conte nt of Human Blood. 


The manganese in the blood of a number of persons not ex- 
posed in any way to manganese has been determined and the 
results are given in Table II. The results with no legend attached 
are from blood specimens obtained from members of the staff 
and student body at the Medical School. The others are from 
hospital patients in various pathological conditions. 

In those cases where several analyses were made on blood eb- 
tained at different times from the same individual the results 
serve to show the reliability of the method and the general con- 
stant level of manganese in the blood. 

Although the number of analyses from cases of anemia is not 
large enough to warrant final conclusions, no marked decrease in 
manganese content is indicated, as has been claimed by earlier 
investigators (11). In fact no abnormality in manganese content 
is shown by our few pathological figures except perhaps in the 
eases of syphilis of long duration where the manganese is low. 

Our results are from five to ten times as high as those reported 
by Bertrand for human blood. This discrepancy we believe to 
be due to the difficulty of recovering all the manganese from the 
ash of blood by Bertrand’s method as we have pointed out, or 
possibly to the difficulty of making the color comparison in such 
a small volume (10 ce.) with the large amount of iron present. 
The only other explanation is that the manganese content of the 
blood of Bertrand’s subjects was actually lower than that of the 
blood we analyzed. In some of our experimental work to be 
published later we have shown that the amount of manganese in 
the blood can be increased for a short time by the ingestion of 
manganese-containing ores. If the normal food consumed here 
contains more easily soluble manganese than that eaten by Bert- 
rand’s subjects there is a possibility that the blood content of 
manganese might vary in the two countries. The surface waters 
of eastern Massachusetts contain from W&.001 to 0.015 parts of 
manganese per 100,000.° This might be taken as a rough indica- 
tion of the amount of manganese consumed here. Unfortunately 


3 Personal communication from Dr. H. W. Clark, Director and Chemist 
of the Division of Water and Sewage Laboratories, Massachusetts State 
Department of Health 
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Mr \T ‘ 
Sar 190, 5am- | Mn per | San MAI es 
; pe ( * 100 g <? per | ' per 
g! ‘ 


35.0:0.020;) 31.1) 0.018 


75.010 .027; 14.4) 0.017 7.50.053 
60.0.0.050 17.3 0.022 10.70.018 
63.00.160 33.2'0.105) 11.4'0.154 


53.00.060, 8.0 0.052 | 17.20.046) 15.30 .052 


56.00.0380! 3.6 0.053 

21.00.0138 
14.3) 0.019 | 25.40.047;) 14.20.014 
17.7, 0.029 

No. 7,adult.| No. 8, baby. | N aaa 


26 90.030 19.3 0.020 | 50.80.0400 41.30 .027 
1? 00.021 67.10.017! 24 60.023 
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gm mg gm g 
Stomach 35.1 | 0.028) 24.9 | 0.028 
Small intestine 33.1 | 0.027) 30.8 | 0.013) 19.0 | 0.036) 12.0 | 0.025 
Colon 64.9 | 0.046) 31.7 | 0.035) 36.1 | 0.022) 21.0 | 0.019 
Liver 0.7 | 0.168} 79.3 | 0.101) 64.5 | 0.217) 54.0 | 0.111 
Kidney 3.3 | 0.120) 44.4 | 0.047) 70.9 | 0.031! 58.0 | 0.052 
Spleen 93.5 | 0.029) 50.8 | 0.016 27 0 | 0.022 
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Muscle 
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I Bernd on on Bap he ats 
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Small intestine 0.029 11 
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Pancreas 0.076 6 
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Brain 0.028 ; 
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By blood sugar concentration is meant the content of glucose 
in the blood. Our knowledge of the amount of glucose in the 
blood is derived almost exclusively from reduction methods. Be- 
sides glucose, however, the blood contains other reducing sub- 
stances; viz., fructose, ketones, uric acid, creatinine, ete. 

Whether the blood sugar values obtained by the reduction 
methods give only the amount of glucose or whether other reduc- 
ing substances also play a part in the reduction has often been 
discussed. 

Determination of the actual amount of glucose in the blood is 


not easy. One cannot rely on polarimetry, as the blood contains 


several substances which act optically. It is best to ferment the 
blood and determine the reduction before and after. But the 
fermentation also mav introduce errors. In part the veast may 
contain reducing substances, or these mav be formed during fer- 
mentation; in part the fermentation of glucose is, as a rule, more 
or less incomplete; and in part it may well be supposed that the 
reducing substances of the blood which are not subject to fer- 
mentation may be converted into non-reducing substances when 
the blood is in process of fermentation. 

Several investigators have attempted to ascertain whether 
fermented blood contains a reducing substance, and whether a 
so called residual reduction exists after fermentation. They have 
obtained discordant results, which seem to be due partly to the 
methods used. Thus Frank and Bretschneider (1) found no resi- 
dual reduction by Bertrand’s method, either in normal people or 
in diabeties with hyperglycemia. Maase and Tachau (2) found 
substantial agreement between Bertrand’s copper method, 
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Tachau’s mercury method, and polarization, both in normal sub- 
jects and in diabetics. 

On the other hand, Schumm (3) found an inconsiderable resid- 
ual reduction by Bang’s old method, which, however, Bang him- 
self admitted gave too high values. Further, Ege (4) asserts in 
a recently published work that both Bang’s micro method, in the 
modification employed by Ege, and Hagedorn and Jensen’s method 
5 vive residual reduction, although with both methods this Is SO 


ight that in normal persons it has no practical, clinical impor- 


S| vy 
tance. In the uremic, however, the residual reduction may be 
great, but, as the analyses have not been published, it is impossibl 
to tell how great. 

Stepp (6) has followed another course in order to decide whether 
the blood sugar values found by the reduction methods really 
are due only to glucose. If the protein and other colloids of the 
blood are precipitated with phosphotungstic acid, and the carbon 
in the blood is determined by elem ntary analysis, one finds the 
so called residual carbon, which in normal individuals amounts to 
150 to 200 me. per 100 ee. of blood. Since glucose contains 40 
per cent of carbon, about 40 mg. of this residual carbon comes 


f one assumes that the amount of glucose in the 


from glucose, 
normal individual is about 0.1 per cent. If the blood sugar con- 
centration increases in diabeties to several times the normal, one 
would expect that whenever the quantity of glucose is increased 
by 0.1 per cent the residual carbon must increase by 10 meg. 

In a series of diabetics with hyperglycemia Stepp has deter- 
mined the bood sugar concentration by Bertrand’s method, while 
he has determined the residual carbon by elementary analysis. 
He made the following observations. 

In a number of diabetics the residual carbon increased parallel 
with the blood sugar, so that the increase of the blood sugar found 
was probably due 10 elucose. In others the blood sugar values 
rose much more than the residual carbon, so that the blood sugar 
values found were certainly too high. In a third group a higher 
amount of carbon was found than one would expect according 
to the reduction. This was found in patients with acidosis and 
Was probably due to increase in the ketone bodies of the blood. 

From these investigations it appears that in diabetic hype r- 


lveemia other substances besides glucose may form, which re- 
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duce copper by Bertrand’s method, so this method also may give 
too high values. 
During the last 5 or 6 years a number of new methods have been 


described which seek to determine in a simple manner the g] 


ucose 
concentration In a minimum of blood. 

rom Danish sources two comparative investigations of newer 
blood sugar methods have already been published; Leshly (7) 
finding that Bang’s and Benedict’s methods showed results which 
agreed, and Ege (4) finding that Bang’s method as well as Hage- 
dorn and Jensen’s method gave approximately the same values, 
though the results obtained by the former method were somewhat 
lower than by the latter. 

A few years ago one of us (H’ st) began a number of compara 
tive investigations, which were not completed, by Benedict’s 
method and Bang’s method, and found that Benedict’s method 
in many cases of diabetes gave higher values than Bang’s method. 
These results therefore did not agree with those of Leshly. 

As Folin and Wu (8) also have recently published a colorimetric 
micro method, and Bang’s method in its latest modification, as 
far as we know, has not been compared with other methods, we 
decided to undertake comparative investigations of blood sugar 
values in normal and sick individuals, especially diabeties, by 
the following four methods: 

1. Bang’s method, in its latest modification, worked out by 
Bang and Hatlehoel (9). 
2. Hagedorn and Jensen’s (5) method, which is referred to as 
Hagedorn’s method. 

Hagedorn and Jensen’s blood sugar method has been published only in 
Danish, and we therefore give a résumé of it here. 

Reagents. 
Potassium Ferricyanide Solution 1.649 gm. of potassium ferricya- 
nide and 28.6 gm. of crystalline sodium carbonate are dissolved in 1,000 
cc. of water. In a black bottle this solution will keep for 2 months 

2, Potassium Iodide Solution 5 gm. of potassium iodide free from 
iodate, 10 gm. of zine sulfate, and 50 gm. of sodium chloride are dissolved 
in 200 ec. of water. 


3. Acetic Acid.—3 per cent acetic acid. 

4. Starch.—1 gm. of starch dissolved in 100 ec. of water with thorough 
boiling. 

5. Sodium Thiosulfate Solution 1.24 gm. of sodium thiosulfate dis- 


solved in 1,000 ec. of boiled water. 
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6. Protein Precipitate.-0.1 N NaOH and 0.45 per cent zine sulfate 
(0.45 gm. of crystalline zine sulfate dissolved in 100 ce. of water). 

For the test 0.1 ec. of blood is pipetted (capillary pipette) into a test- 
tube containing 1 cc. of 0.1 N NaOH and 5 cc. of zine solution. The pipette 
is rinsed with the zinc-NaOH mixture. The test-tube is then placed in 
boiling water for 4 minutes, cooled, and the contents are filtered through 
cotton into a test-tube or a small flask. The residue is washed twice 
with 3 cc. of water. From a micro-burette are added exactly 2 cc. of the 
potassium ferricyanide solution. The test-tube or flask is then placed in 
boiling water for 15 minutes, cooled, and 3 cc. of potassium iodide solution 
and 2 cc. of acetic acid are added. From a micro-burette the thiosulfate 
solution is added till the yellow color disappears and then, after adding 
one drop of starch solution, till the red-blue color just vanishes. 


Calculation. 

The volume in ce. of thiosulfate solution used multiplied by its factor 
is subtracted from 2.00. The blood sugar in per cent, corresponding to the 
used amount of potassium ferricyanide, is found in the table. The value 
found in a blank analysis is subtracted from the blood sugar found. 


Table for Hage dorn and Jensen’s Blood Sugar Method. 


Used potassium ferricyanide solution. Glucose in 100 cc. of blood. 

mg 
0.10 0.017 
0.20 0.0385 
0.30 0.053 
0.40 0.070 
) () 0 OSS 
0 60 0.106 
0 70 0.124 
O SO 0.141 
a Oo Q. 159 
100 0.177 
1.10 0.10 
1.20 0.214 
1 20 0.235 
1.40 0.251 
1.50 0.270 
1.60 Q . 200 
1 70 0 310 

0.331 
LO 0.3535 
, OO O384 

> Vive rs and Bail y's LO nO lification of Lewis ind Bene- 


dict method, referred to as Benedict’s method. 
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1. Folin and Wu’s (8) method, referred to as Folin’s method. 

By these four methods we have determined the sugar con- 
centration in thirty-five samples of blood from twenty-eight nor- 
mal persons and patients. 

We have divided the analyses, Hatlehol using Bang’s and 
Folin’s methods, while Hést employed Hagedorn’s and Benedict’s 
methods. 

The blood was obtained by venous puncture, and was kept 
fluid by a little pulverized potassium oxalate. 

The individuals examined may be divided into three groups: 

1) non-diabetics, such as convalescents and patients suffering 
from slight affections, which would not influence the blood sugar 
Table I); (2) non-diabeties, with affections which might possibly 
cause changes in the blood sugar (Table I); and (3) diabetics 
(Table II). 

The values noted in the analyses are expressed in gm. per 100 
ec. of blood. Since in Bang’s and Hatlehol’s methods, as is known, 
the blood is weighed, the values are reckoned by this method to 
mean 100 ec. of blood by adding 6 per cent to the value found. 

As will appear from the analyses, we have as a rule undertaken 
double determinations, since in addition to a determination di- 
rectly in the oxalated blood we have also determined the sugar 
concentration in a measured amount of blood with a certain quan- 
tity of glueose added. We compared the found and calculated 
sugar concentrations in the blood samples which had an addition 
of glueose. The results are given in Table III. 

The accuracy of the colorimetric methods is of course dependent 
on the colorimeter. Aswe used a Bock-Benedict colorimeter which 
was not especially accurate, the limits of error found for the colori- 
metric methods were undoubtedly higher than they would have 
been if we had used a more accurate instrument. 

In all four methods the quantities of glucose added, whi 
varied from 0.03 to 0.16 per cent, are, within the above stated 
error limits, recovered. 

\s appears from the analy ses, different blood Sugar concentra- 
tions are found by the four methods. The diff. rences may to some 
extent be due to the inaccuracy of the methods. But even if 


one reckons with the greatest error found, 10 per cent, this 


a 
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is far from sufficient to explain the difference between the 
results of the various methods, since this is in most cases 
considerably greater. 

As will be seen there is a certain regularity in the different re- 
sults given by the methods. In the majority of cases the colori- 
metric methods give higher values than the titrimetric, and as a 
rule the values are larger for Benedict’s method than for Folin’s, 
which agrees with the statement of Folin and Wu (8). The 
titrimetric methods, Bang’s and Hagedorn’s vive approximately 
identical values. The difference between the results from these 
two methods is in most cases within 10 per cent. 

The difference in the blood sugar concentration found by the 
four methods is considerably more pronounced in diabeties than 
in normal persons and non-diabetics. That these differences are 
not due to accidental circumstances is shown best by Nos. 34, 35, 
and 36, which are taken from the same patient, but on different 
days. In these three determinations very different results were 
found by the four methods, but each time the greatest values 
were found by Benedict’s method, somewhat smaller by Folin’s 
method, still smaller by Hagedorn’s method, and smallest by 
Sang’s method. 

As the glucose added is recovered in the blood by all the meth- 
ods employed, the difference, in some cases considerable, which 
is found by the use of the different methods, cannot be due to a 
loss by the methods which give the smallest results. The cause 
must be that substances other than glucose also effect reduction 
by the methods which give the highest values; that is, the colori- 
metric methods. How far the two titrimetric methods, Bang’s 
and Hagedorn’s, give only the amount of glucose, or whether 
other reducing substances also play a part in the result by these 
methods does not appear from the investigations. 

We will not enter into the question as to what other substances 
besides glucose effect reduction by the colorimetric methods. We 
shall only mention that the diabetic whose blood showed the 
greatest differences in the blood sugar, as determined by these 
methods (cf. Nos. 34, 35, and 36), had no acidosis, and the same of 
course is true of No. 13, who had only a little bronchitis, and in 
whose blood Benedict’s method gave considerably higher values 


than the other methods. 
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